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PREFACE 


Basic Radio is a course in communications electronics, as distinct from a 
general course in electronics. The text deals with the circuitry and tech- 
niques used for the transmission and reception of intelligence via radio 
energy. Assuming no prior knowledge of electricity or electronics, the six 
volumes of this course “begin at the beginning” and carry the reader in 
logical steps through the study of electricity and electronics required for a 
clear understanding of radio receivers and transmitters. Illustrations are 
used profusely to reinforce the highlights of the text. All examples given 
are based on actual or typical circuitry to make the course as practical 
and realistic as possible. Most important, the text provides a solid founda- 
tion upon which the reader can build his further, more advanced knowledge, 


No prior knowledge of electricity or electronics is required for the under- 
standing of this series. Because this series embraces a vast amount of 
information, it cannot be read like a novel, skimming through for the high 
points. Each topic contains a carefully selected thought or group of 
thoughts, so that each unit can be studied as a separate subject. Math- 
ematics is kept to a minimum and, where necessary, the mathematical 
methods are fully explained. 


This Revised Edition of Basic Radio retains the structure of the First Edi- 
tion. Volume 1 treats d-c electricity. The slightly more involved subject 
of a-c electricity is presented in Volume 2. Equipped with this informa- 
tion, the reader is ready to study the operation of electron tubes and 
electron tube circuits in Volume 3, including power supplies, amplifiers 
oscillators, etc. The components of electronic circuitry presented in 
Volumes 1 through 3 are assembled in Volume 4, which discusses the 
complete radio receiver, AM and FM. Volume 5 gives special attention 
to the theory and circuitry of transistors and integrated circuits. Volume 
6 covers the long-neglected subject of transmitters, antennas, and trans- 
mission lines. In sum, the full range of the fundamentals of communica- 
tions electronics is covered in a manner that provides maximum 
comprehension with a minimum of effort. 


To the many people whose thoughts and discussions have contributed 
to this series, my sincere appreciation. To my wife, Celia, and my 
daughters, Ruth and Shirley, with whom | would have preferred to spend 


more time, my heartfelt thanks and gratitude for their assistance and 
understanding patience. 


MARVIN TEPPER 


Falmouth, Massachusetts 
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INTRODUCTION TO TRANSMITTERS 


Communication by Radio 


COMMUNICATION 


BY RADIO 


In the broadest sense, "communication by radio" means the transfer of intel- 
ligence from one point to another through space, using radiated electromag- 
netic energy (radio waves) in the frequency spectrum of from about 10 kHz to 
about 30,000MHz. The transmitting antenna radiates these waves and the re- 
ceiving antenna intercepts them. This extremely broad Span of frequencies 
embraces many different techniques which come within the meaning of radio 
communications. In some of them the nature of the intelligence transmitted 
differs greatly from that dealt with in this book. But even so there are many 
similarities in the organization and operation of the different transmitters 
used in the various radio services. Understanding the theory of operation of 
the conventional radio transmitter will help in comprehending the functioning 


of all other kinds of transmitters. 


6-2 INTRODUCTION TO TRANSMITTERS 


Kinds of Radio Signals 


We have already established that communication by radio is accomplished by 
electromagnetic energy (electromagnetic waves) which travel from a trans- 
mitting antenna to the receiving antenna. This broad statement does not, 
however, identify the kinds of radio signals that come within the boundaries 
of electromagnetic waves. The differences among radio signals arise prin- 


KINDS of RADIO SIGNALS 


Emission i Р 
n l Pictorial 
Designation Representation Description 


A0 N, Continuous oscillations of constant amplitude 
and frequency. Nonmodulated waves. 


Ai W Continuous oscillations of constant amplitude 
and frequency, interrupted (keyed) in a 
ШЇ Ш Ш sequence which corresponds to an 


Dot Dash Dot Dash International code. 


Modulated telegraphy in which an audio tone 
A2 amplitude modulates a carrier. 

The audio tone is keyed in accordance 

with an International code. 


Telephony. Constant-frequency 
oscillations modulated by 
the intelligence being transmitted. 


cipally from ¢ 
radiated signa 


he techniques employed in making the intelligence part of the 
l prior to radiation. 


These 

isi. or redes give rise to different identifications. The identity of each 

technology has gnal is called a type of emission. Modern communication 

бї eivitiadion ‘Ge rise to a great many kinds of modulation; hence, kinds 
: is being a course in basic radio, only the broadly applicable 


techniques are di 
x: Repos, naaal Where variations warrant mention, they are dealt 
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The Basic Radio Transmitter (Radiotelegraphy) 


The most fundamental radio transmitter is the radiotelegraph transmitter. 
It consists of a vacuum-tube generator of radio-frequency energy (the oscil- 
lator); a source of operating voltages (the power supply); a signaling key 
whereby the generation of oscillations can be started and stopped at will, and 
an antenna. In the strict sense the antenna is not part of the transmitter, but 
it is a necessary adjunct, without which a transmitter is useless. 


The basic transmitter made up of the abovementioned parts has many short- 
comings. Its greatest deficiency is its inability to keep the oscillator con- 
stant ona precise frequency setting; in other words, the radiated signal is not 
constant in frequency, and consequently the received signal is difficult to 


H 


vi Ў 


CW Transmitter | Ve 


ANTENNA 


TRANSMITTER 
KEY 


"read." Also, the signal power derived from the oscillator is low, which 
limits the distance over which communications can be carried on. 


Manipulating the signaling. key to close and open the circuit in accordance 
with the radiotelegraphy code causes the oscillator to generate corresponding 
bursts of energy. This energy radiates from the antenna to "transmit" the 
message. Transmitters used for radiotelegraph purposes are called contin- 
uous wave or CW transmitters. BE. ==. 
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Transmitting Tubes: The Emitter 


TYPICAL TRANSMITTING TUBI 
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high- 
Power circuits used in transmitt "breed" of tubes known aS 
Nem ers, a separate reed" у 
transmitting types are used, Generally, they are of special construction 2 


Му ofthe tubes used in radio receivers are also used in radio transmi! 
his is especially true in low-power units. However, due to the many 


кше the larger amounts of power. They are larger, specially shaped, have 
Seed plate, grid, and filament elements, and special basing arrangements. 


DA а Plate current generally found in transmitting tubes necessitates the 
Rene emitters rich in sources of electrons. Both indirectly-heated cathodes, 
oxide or Y nated filaments are used. The cathode emitters are barium- 
aera strontium-oxide coated surfaces, brought to electron-emitting tem 
tungsten Я an associated heater. Directly-heated filaments are made о 

ickel, c with thorium oxide impregnated in the metal during manufacture, © 
nickel, coated with an emitting material. The thoriated-tungsten filament is 
extremely popular, but must be operated within 5% of its specified voltage 
rating. For this reason, many transmitters have a "filament voltage" meter 
and adjustment to permit monitoring of this voltage. 
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Transmitting Tubes: Grids 


The control grid in a transmitting-tube type resembles its receiving tube 
counterpart — a spiral form, or ladder structure. In some tubes the control 
grid is a cage-like structure that surrounds the emitter. Materials used for 
grids include pure metals such as tungsten, molybdenum, or tantalum, or 
various alloys of these metals. With the grids located between heat radiators 
such as the filament and plate, they may emit primary electrons when bom- 
barded by ions from gas in the tube. To prevent this the grids are often 
coated with gold or platinum. Platinum is preferred because it can withstand 
higher temperatures without vaporizing. Carbon is also commonly used. 


Control-grid electrodes are subject to several ratings. One is the grid-bias 
voltage, which may be negative or zero, depending on the kind of tube and how 
it is used. Another is the safe peak amplitude of the input-signal voltage. 
Excessive input-signal voltage can not only impair tube performance, but can 
damage the tube. Another rating encountered in certain amplifying applica- 
tions in transmitters is called driving power or r-f excitation, and is ex- 
pressed in watts. If the application demands that the input-signal voltage ex- 
ceed the applied negative grid bias, a unidirectional or d-c grid current flows 
between the emitter and the control grid inside the tube, and around the con- 
trol grid — emitter circuit outside the tube. The product of the grid current 
and the peak positive grid — emitter voltage is the driving power (in watts) 


tha; is consumed in the grid circuit. 
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Transmitting Tubes: The Plate 


The plate or anode of a transmitting tube is the point of greatest difference 
between receiving and transmitting tubes. In transmitting tubes the plate is 
subjected to tremendous impact by tube current, and accounts for much of the 
heat produced in the tube. To withstand high temperatures, the plate must 
radiate the heat, and a variety of materials and constructional features are 


TRANSMITTING TUBE PLATES 


Output signal 
power available 
from here 


Formed carbon 


Total Plate Power Input 


= D-c plate voltage X 4-с plate current 


= Eb Xib 
= 3000 x 0.150 


450 watts 


Heat radiating fin 


used. Materials used for plates are such metals as nickel, tantalum, and 


VE denum, Nickel may be coated with carbon, and sometimes the entire 
е is made of graphite. The carbonized coating aids the heat-radiating 


m of the metal. In some tubes, pure copper plates are used. The usual 
faces Plates are large, some with radial fins attached, or with radiating sur- 
aces formed of ed 


gewise wound metal ribbon. Often metal plates operate 

Ed gis. Cherry red. For tubes up to about 250 watts (power input la 

Several th inary air circulation is sufficient for cooling; for ratings A * 

power tubes aad Watts, forced air-draft cooling is used. For very hig 
bes, circulating distilled water is often used for drawing off heat. 

A phrase often used in con: -power 
p junction with transmitter operation is plate-pow' 
Tek тш Y: the total amount of d-c power (in watts) supplied to the plate 
tube is Fas Тот this that the output-signal power delivered to the load of a 


es i he plate 
circuit inside the т чан as the power lost or dissipated as heat in ће p. 


е. 
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External Anode—Ceramic Tubes 


One of the drawbacks noted in transmitting tube-operation was the need for 
dissipating large quantities of heat developed in the plate. Another drawback 
is the difficulty in providing efficient coupling of the resonant circuit to the 
plate cap. This is particularly critical in frequencies above 50 MHz. To 
Overcome these problems, tube manufacturers developed transmitting tubes 
in which the anode is a circular metal plate that is part of the external tube 
housing. To aid in heat dissipation, the circular metal plate is vacuum sealed 
to a ceramic base containing the control grid, screen grid, cathode, and fila- 
ment, Ceramic, capable of withstanding high temperatures, allows using the 
tube at higher frequencies where the r-f field would overheat glass, causing 


glass tube failures. 
о a pin connection а metal ring just above the base 
that can also be used for the screen grid connection. Although the tubes have 


a conventional plate cap, the circular plate and screen grid connection place- 
ment permits using the tube in a coaxialarrangementfor high frequency oper- 


ation. 


Thetubes have in additiont 


For higher power, a similar tube using heat radiating fins attached to the 
anode is illustrated. A metal ring surrounding the fins is used as the anode 
connection. A similar version of external anode ceramic tube designed exclu- 
sively for high frequencies is illustrated showing all the internal elements 
brought out to circular rings. In use these tubes require special concentric 
sockets designed for high frequency operation. The construction of these high 
frequency tubes using concentric rings also includes specially designed in- 
ternal grid "cups" in which the grids are shaped and aligned in one operation 


to improve performance. 
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Transmitting-Tube Ratings (CCS, ICAS, and Typical Operation) 


Exclusive ofthe filamentor heater voltage and current, bothof which are fixed 
for any given tube regardless of use, the safe maximum operating voltages 
applied to the control grid, screen grid (where applicable), and the plate elec- 
trodes, as well as the safe maximum amounts of current permitted to flow in 
these circuits, are determined by two standard conditions of use of the tube. 
They are called CCS ratings and ICAS ratings. Both are usable for guidance. 
The letters CCS stand for Continuous Commercial Service, which means con- 
tinuous, around-the-clock operation consistent with maximum tube life and 
dependability. In contrast, is the ICAS rating. These letters stand for Inter- 
mittent Commercial and Amateur ‘Service, by which is meant alternate peri- 
ods of "on" and "off" operation, each theoretically lasting for five minutes. 
In practice, time is disregarded during the "оп"-"оН" periods. The philos- 
Ophy behind the ICAS rating is highest signal output from the tube with only 
limited concern for long tube life. 


In addition to the CCS and ICAS ratingsof safe maximum values of voltage and 
Current, there is always still another set of operating conditions known a8 
typical operation. The typical operating values can conform with CCS opera- 
tion or with ICAS operation, depending upon the circumstances. But which- 
ever it is, the typical operating voltage and currents are in almost all in- 
stances below the CCS or the ICAS ratings. We show, for comparative pur- 
poses, CCS and ICAS ratings, and typical operating conditions for a standard 
transmitting tube, Those tubes not intended for ICAS service bear only CCS 
and typical operating specifications. 


UBE 


2S 


Maximum Typical 

CCS | ICAS [Operation 
D-c Plate Voltage I" 1250 1500 1250 
0-с Screen-Grid Voltage 400 400 300 
D-c Control-Grid Voltage -300 -300 -80 
D-c Plate Current 150 ma 150 ma 144 та | 
D-c Control-Grid Current 15 ma 15 ma 10 ma 
Plate Input 180 watts | 250 watts | 180 watts 
Screen-Grid Input aE. watts | 10 watts 10 watts 
Plate Dissipation 50 watts 65 watts 45 watts 
Driving-Power Control Grid || 1.5 watts [s watts 1.5 watts 
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Transmitting-Type Rectifiers (Organization of Gaseous Tubes) 


The gas-filled or gaseous rectifier is a two-element tube (diode) consisting of 
an indirectly-heated cathode, or a filament and a plate (anode) in a glass en- 
velope. Also withinthe envelope is a small amount of gas such as argon, neon 
or xenon among others, or а small amount of liquid mercury. The rectifier 
that uses the liquid mercury is known as a mercury-vapor tube because the 
liquid mercury vaporizes when the hot emitter raises the temperature of the 
envelope sufficiently. The xenon-filled, and the mercury-vapor diodes are 


standard half-wave rectifiers. 


Gaseous rectifiers are used in transmitter power supplies when the d-c volt- 
age required is at least 1000 volts, and the current requirement is at least 
150 milliamperes 4с. They are used in rectifying circuits similar to those 


Internal Structure of Mercury-Vapor Rectifiers 


PLATE 


ө Indicates Gas-Filled Tube 
FILAMENT 


ely, р ал and bridge ar- 
rangements. ause of the manner of functioning, the gas-filled rectifier 
done ee “the simultaneous "on" and "off" application of the heater and 
Plate voltages. When the tube is placed into service for an operating period, 
the heater voltage must be applied first, without application of the plate volt- 
age, for at least 30 seconds, Then the plate voltage is applied. The time in- 
terval stated is necessary to allow the tube to heat sufficiently, and especially 
to allow the mercury to vaporize. Once the emitter has reached the proper 
temperature, the plate voltage can be applied or removed at will. The heater 
Voltage must remain on all the time the power supply is in service, even 


though the plate voltage is not applied. 


used with high-vacuum tubes, nam 


6-10 TRANSMITTING TUBES 


Transmitting-Type Gaseous Rectifiers (Theory) 


Assume a half-wave gaseous rectifier withthe hot cathode emitting electrons, 
and no voltage on the plate. The gas or the mercury vapor content of the tube 
corresponds to a cloud of atoms of the substance dispersed throughout the 
tube. The electrons from the cathode form a space charge around the 


lonizing potential (C) 


current 


NEGATIVE 


NEGATIVE A 
| SPACE CHARGE 


SPACE CHARGE 


15-20V 
IONIZING POTENTIAL 


NO PLATE VOLTAGE 
NO PLATE CURRENT 


LOW PLATE VOLTAGE 


VERY LOW PLATE 
CURRENT 


ive ions 


creates posit 
which move to 5 
charge and neutr 
» Electrons 
ө Atoms of gas 
DPositive ions 


pace | 
alize it 


• Electrons 
@Atoms of gas 


» Electrons 
@Atoms of gas 


Electrons 
e current, 
of elec- 


emitter. Now assume 5 to 10 volts iti i te 
positive applied to the plate. 
dux drawn out .of the space charge and advance to the plate as plat 
Коп sai in the high-vacuum tube. At the same time, an equal number 
S leave the emitter and enter the space charge. 


i К, 
Ed ee Positive-polarity plate voltage is increased to perhaps 15 be 
withthe s Tons drawn out of the space charge have a higher velocity, © бета 
positive {0118 of gas, and knock electrons out ofthe atoms, thus making are 
change JOns. The voltage at which the electrically neutral atoms a 
repelled оне dons is called the ionizing potential. The positive ae 
which, consi s Eositively-charged plate and are attracted to the space er 
clou: а’ WE isting of electrons, is the equivalent of a negatively-C lere 

í en the positive ions enter the space charge, the space-charge € 


trons are att er s 
neutral, and p to the positive ions, thus making the latter electri 


charge. Now all 
the positive 
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The Oscillator 


Oscillators are the heart of a transmitter, often the transmitter itself. It 
would be best to begin by a review of the basics of oscillator circuits. An 
inductance and a capacitance is the basis of an oscillatory circuit. Assuming 
C to be fully charged, it will discharge, building a magnetic field about L. 
When C is fully discharged the energy of the circuit is in the magnetic field 
about L. With C discharged there is no longer any difference of potential to 
keep the current flowing through the circuit. The field about L collapses, 
inducing a back EMF. The induced back EMF causes the current to again 
flow in the original direction. The collapsing field then recharges C, but in 
the opposite polarity to that with which it was originally charged. & 


When the field about L has completely collapsed, all the energy of the circuit 
is once again stored in C. The capacitor again discharges. The action of 
building a field about L is repeated, as is the collapsing field that again 
charges С. The polarity of the charge on С now is the same as that with 


which it started, completing the cycle. 


Plotting the capacitor current flow from the initial point where no current is 
flowing, through the point where maximum current is flowing as C discharges, 
back tothe point where no current is flowing as C is recharged in the opposite 
polarity, provides one alternation of a sine wave. When the cycle is repeated, 
it provides an alternation in the opposite polarity. Combining the two alter- 
nations results in a sine wave of current flowing in the circuit. 


OSCILLATORY DISCHARGE PRODUCES SINE WAVE 


С is charged; C has discharged; Magnetic field of L has 
energy is in electric field energy is now in collapsed, and energy is 
magnetic field of L stored in electric field of C 


of C 


This sequence 
produces Ist alternation 


© Reverse action — 
produces 2nd alternation 
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Oscillator Losses 


Assuming perfect capacitor and inductors, there would be no loss in an L-C 
circuit, or "tank" circuit; the oscillations would continue indefinitely. The 
frequency of the oscillations is dependent upon the values of L and C. 

large value C takes more time to charge and discharge, producing a low d 
quency. A large value of inductance offers greater impedance to the flow О 


DAMPED OSCILLATIONS 


Each succeeding alternation 
has a smaller peak amplitude 


{AMPLITUDE 


DISPLACEMENTS FROM ORIGIN 


AMPLITUDE 


- f in hertz 
L in henries 


C in farads 


current, thus 
oscillatio; 


yof 


also lowering the time of each alternation. The frequent 
n then, is determined by the value of L and C. 

"uc is 18 а Perfect inductor; it must have the 4-с resistance of the turns of 
oscillator ne up the coil. This resistance is the major source of loss mao 
die out ank circuit, If not overcome, this loss causes the oscillatio 

to Xr/R or become "damped." We have learned that the Q of a coil is ed m 
reactance: Hence, а low-Q coil has a high value of resistance compared to d 
a joe УШ quickly "dampen" the train of oscillations. A high-Q CO 


Eds llations to continue 
for a longer period of | ared to its Хү, permits osci 
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Oscillator Losses (Cont'd) 


BASIC OSCILLATOR CIRCUIT 


Voltage is amplified 


TICKLER FEEDBACK 
WINDING 


Voltage is fed back | 
in phase H 


TANK CIRCUIT 


PLATE 
CURRENT 
PULSES 


INPUT 
SIGNAL 


~ Grid draws current 


BIAS 


To maintain constant amplitude of the oscillations in the tank circuit the 
damping effect of the resistance of the coil must be overcome. Applying the 
oscillations of the tank circuit to the grid of a vacuum-tube amplifier makes 
available at the plate circuit an increased amount of power at the same fre- 
quency as that of the tank circuit. A controlled amount of energy from the 
amplified output is fed back to the tank circuit. This energy is fed back in 
phase, called regenerative feedback. „Тһе output of the plate circuit being 
180° out of phase wi е grid circuit, it must be shifted another 180° to 


place it in phase with the grid circuit. 


The output plate current signal is inductively coupled from the tickler (feed- 
back) coil to the tank circuit, in phase, to maintain oscillations in the tank 
circuit. If the feedback of the tickler coil is not in phase, the circuit will 
not oscillate. The amount of feedback required is small, only enough to 
make up for the tank circuit losses. It is analogous to the pendulum of a 
clock; once swinging, it needs only a small push to make up the losses due to 
friction. With only a slight "push" required to make up for circuit losses, the 
output signal applied to the grid need not be the complete sine wave. To pro- 
vide this slight push a class-C amplifier is used. 
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Oscillator Characteristics 
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Hartley Oscillator 


One of the most popular oscillators is the Hartley, named after its inventor. 
It uses a single tapped coil and capacitor in the tank circuit. 


Taking one alternation of the circuit, the top, or plate end of the coil is posi- 
tive, the bottom, or grid end is negative. The cathode is placed at the tap on 
the coil. To vary the feedback the tap can be moved. This controls the value 
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of feedback signal applied between cathode and grid. With the grid signal 
negative with respect to the cathode, the output pulse at the plate is 180° out 
of phase, or positive. Coupling the output pulse to the positive end of the coil 
provides the proper in-phase feedback. For the following alternation the top 
of the tank coil is negative; the bottom positive. The grid has a positive sig- 
nal with respect to the cathode. The pulse at the plate is 180° out of phase, 
or negative-going. This is coupled to the negative end of the coil, again 


giving the proper in-phase feedback. 


It is desirable to free the plate of the plate load and feedback task, using it 
merely as an attracting force for the electron stream. In the circuit shown, 
feedback is accomplished by plate current flow through that portion of the 


coil that is in the cathode circuit. 
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Colpitts and Clapp Oscillators 


The most popular type of capacitive-coupled oscillator is the Colpitts, also 
named after its inventor. To prevent plate current from flowing through the 
tank circuit, it is shunt-fed. Its operation is similar to that of the Hartley 
oscillator. Instead of a tapped coil, there is the equivalent in two variable 
capacitors forming a voltage divider for the signal voltage. The voltage de- 
veloped across the reactance of the grid circuit capacitor Cg, is applied be- 
tween the grid and cathode. As shown, the grid is negative in respect to the 
cathode. The signal at the plate is a positive-going pulse which provides the 
in-phase feedback to the positive end of the coil. To vary the value of feed- 
back the relation of the voltage division between the two capacitors must be 


varied. To var 
varied. Quit 
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y the frequency of the tank circuit, both capacitors should be 
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Transistor Oscillators 


Transistor circuits are usually used in low-power portable transmitters for 
Marine, Citizens-Band, amateur, and business communications. 


The circuits of the transistor versions of the Hartley, Colpitts, and Clapp os- 
cillators illustrate that they are identical to their vacuum tube counterparts, 
with the transistor providing the amplified power that is fed back to sustain 
the tank circuit oscillations. 


The Hartley oscillator using a tapped coil has the base at ground with bypass 
capacitor C1, and the tap on the coil coupled to the emitter through coupling 
capacitor C2. The coil tap is selected to match the low impedance found in a 
transistor circuit. In both the Colpitts and Clapp circuits an r-f choke is 
used as an inductive collector loadto develop the feedback signal. In allthree 
Circuits shown, bias is fixed, using a voltage divider to provide the base bias. 
Self-oscillation starts as a result of the amplified noise being fed back and 
growing in amplitude until a sufficient noise signalis reached to start excita- 


tion of the tank circuit. 


TYPICAL TRANSISTOR OSCILLATORS 
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The Tuned-Plate Tuned-Grid Oscillator 


The tuned-plate tuned-grid (TPTG) oscillator uses a tuned circuit in both the 
plate and the grid circuits; the circuits are not inductively coupled. This 
type of oscillator may be used over a wide range of frequencies. However, 
because of reduced feedback between plate and grid at low frequencies, the 
TPTG oscillator is not particularly satisfactory at low frequencies. The 
feedback necessary to maintain oscillations is coupled from the plate circuit 
to the grid circuit by means of the interelectrode capacitance between plate 
and grid. Conventional grid-leak bias is used, with the r-f signal bypassed 
around the power supply. 


In general, the frequency of oscillation is determined by the tuned L-C circuit 
having the higher Q. In most cases this is the grid-tank circuit. However, 
the natural oscillation frequency of the grid tank is lowered by the presence 
of the large effective input capacitance in parallel with the tank capacitance. 
To compensate for this, the grid-tank circuit must be tuned to a frequency 
slightly higher than called for, by reducing the capacitance of С. The plate- 
tank circuit must be tuned below the operating frequency to obtain the proper 
phase relations for oscillation. When redrawn, the similarity of the TPTG 
to the Hartley oscillator becomes apparent. 
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Action of Crystals 


Types of crystals occasionally abbreviated as "xtal" exhibit the piezoelectric 
effect. The word piezo is a Greek word for pressure, or pressing. Piezo- 
electric then is "electricity from pressure." This describes the action of a 
quartz crystal. When squeezed, or compressed, a difference of potential is 
developed between its two faces. Increased pressure results in increased 


CRYSTAL ACTION 
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potential difference. Compressing a piece of quartz crystal in its width (A) 
causes it to develop a potential with each side having an opposite polarity. 
When the crystal is squeezed so that it bulges outward (B), the charge across 
each face reverses polarity. 


In addition to generating a voltage, application of an alternating voltage to the 
two sides of the crystal causes it to vibrate mechanically. These vibrations 
become very strong when the frequency of the applied voltage is the same as 
the mechanical resonant frequency of the crystal (determined by its size and 
shape). These strong vibrations at the resonant frequency in turn generate a 
strong alternating voltage at the same resonant frequency, When the applied 
alternating voltage is sufficient to overcome the mechanical losses of the 
vibrating crystal, the generated alternating voltage of the crystal appears as 
a constant-frequency signal voltage that can be used as an L-C tank in an os- 
cillator circuit. 


Many crystals exhibit the piezoelectric effect, butthree particular types have 
been found to be most useful: Rochelle salt, tourmaline, and quartz. Rochelle 
Salt is the most active crystal, generating the greatest amount of voltage for 
a given mechanical strain. However, quartz crystal is the most common type 
used for crystal oscillator circuits. It is inexpensive, rugged, stable, and 
can withstand reasonably high temperatures. 


6-20 CRYSTAL CHARACTERISTICS 


Crystal Cuts 
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Crystal wafer 

crystal. The (чн from the natural crystal, called the mother stone, ог 
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Temperature Coefficient 


To obtain improved characteristics a wafer may be cut fromthe mother crys- 
tal on axes that are neither X, Y, or Z. The wafer may be cut to appear 
Similar to a Y-cut crystal, but actually be tilted about the X axis at a 35° 
clockwise angle. This changes the notation of the crystal to an AT-cut. When 
the wafer is similar to a Y-cut crystal but is rotated to a 49 *"counterclock- 
wise angle, it is called a BT-cut. 


A vital characteristic of a wafer crystal is its temperature coefficient. This 
refers tothe change in frequency that occurs when the emperature surround- 


AT-CUT CRYSTAL і BI-CUT CRYSTAL 


ing the crystal changes. An increase in temperature causes the crystal to 
expand, changing its resonant frequency (the crystal "drifts"), 


The variations in frequency are expressed in p/m (parts per million), some- 
times written as ppm, or hertz per megahertz, for an increase in tempera- 
ture of 1°C. The combined notation reads p/m'C. The changé in frequency, or 
drift, may be upward to a higher frequency for a positive or plus coefficient 
or it may be downward to a lower frequency for a negative or minus coeffi- 
cient. A crystal wafer having no frequency drift with changes in temperature 
is rated as having a zero temperature coefficient. 


Some crystals have poor temperature coefficients, An example might be a 
rating for a crystal of -20hertz per megahertz per degree centigrade, abbre- 
viated -20p/m'C. This indicates that the crystal will Provide an output reson- 
ant frequency 20 hertz per megahertz lower per MHz for each *С increase in 
temperature. The exact value of drift varies with the type of cut and the thick- 
ness of the crystal. The AT-cut, and BT-cut wafer crystals have better temper- 
ature coefficients than the X-cut, and Y-cut crystals. An AT-cut crystal may 
have a rating of 0 p/m' C at 45 Ь С. This means that keeping the temperature 
of the crystal close to 45°C will keep the output frequency constant. When 
operated at 85°C the same crystal may drift as high as*20p/m* С. 
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Oscillator Harmonics 


When the crystal wafer has applied to it an a-c signal of the same frequency 
to which the crystal is mechanically resonant, the crystal develops strong 
vibrations. If not controlled, the vibrations may become excessive and frac- 
ture the crystal. When the entire crystal vibrates, the frequency at which it 
vibrates is called the fundamental frequency. 


The same size crystal may vibrate in two motions, or wavelengths of the 
fundamental. This provides a frequency that is two times the original funda- 
mental frequency, called the first overtone, or the second harmonic. When 
the same crystal vibrates in three wavelengths of the fundamentals, the sec- 
ond overtone, or third harmonic, is generated. 


The physical direction in which the crystal wafer vibrates, called mode, may 
vary. When the entire crystal wafer vibrates at its fundamental frequency it 
is oscillating in a flexure mode. When vibrating so as to have each face move 
in an opposite direction, the crystal is oscillating in a shear mode. When 
vibrating so as to have the two faces compress and expand, varying the thick- 
ness of the crystal, it is oscillating in a compressional mode, sometimes 
called longitudinal mode. n c ls 
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Crystal Holders 
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The crystal wafer is carefully ground to exact thickness for resonance at the 
desired frequency. The crystal must be kept perfectly clean and placed in a 
special crystal holder. A basic holder consists of two metal electrodes to 
make contact withthe faces ofthe crystal, with an air gap to minimize damp- 
ing of the vibrations. The clamp holder is identical to the basic type, except 
that the crystal is firmly clamped between the two electrodes. The symbol 
for a crystal holder closely represents its physical construction. 


The physical construction of the crystal holder varies widely, some taking 
the shape of a "pressure sandwich" in which the crystal is clamped in a 
spring-mounted sandwich and then placed in a holder of the type shown. 
Other holders may clamp the crystal between tuned lengths of wire, or clamp 
the crystal at its edges. 


The holder may take other forms such as that shown enclosed in a vacuum, 
which mounts in a standard octal socket. Other holders use various sockets 
depending upon their pin dimensions; most crystalholders will fit in standard 
tube sockets. 


A special crystal oven can be used to maintain the crystal at a near-constant 
temperature to prevent oscillator drift. The crystal oven is designed to keep 
the temperature ofthe crystal at a constant higher value than the surrounding 
or ambient temperatures. This prevents ambient temperature changes from 
affecting the oven-controlled crystal. Operating the crystal at a higher tem- 
perature is of little consequence; more important is that the oven tempera- 
ture be held constant. 
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Crystal Characteristics 


The crystal wafer, in its crystal holder, represents a circuit component. 
When shown as a symbol in a schematic diagram it appears merely as a slab 
of crystal between two electrodes. As a circuit component it appears vastly 
different, having the properties of a resonant tank circuit, with appropriate 
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values of L, C, and R. The capacitance of the electrodes, or crystal mount- 
ing device is Cm. The series resonant action of the crystal is represented by 
L, C, and R. R represents the electrical equivalent of the mechanical fric- 
tion present when the crystal is vibrating; C represents the electrical equiv- 
alent of the mechanical compliance (stiffness) of the crystal; L represents the 
electrical equivalent of the vibrating mass of the crystal. L and C of the 
crystal determine its series-resonant value. 


The capacitance of Cm is high, and in parallel with the Series-resonant cir- 
cuit of the crystal, forming a parallel-resonant circuit. The series-resonant 
Circuit of the crystal is lower in frequency than the parallel-resonant circuit. 
When a series-resonant circuit is above resonance, the increased reactance 
of L, and decreased reactance of C, causes it to appear as an inductive cir- 
cuit. The parallel-resonant circuit of the combined crystal holder capacit- 
ance, and the crystal, is slightly higher in frequency than that of the series- 
resonant crystal itself. At the higher resonant frequency of the parallel- 
resonant circuit, the crystal appears as an inductive circuit. 


Parallel resonance occurs when the ХС of Cm is equal to the X, of the 
Series-resonant Circuit of the crystal. The actual values of resonant fre- 
quencies of both the series-resonant circuit of the crystal and the parallel- 
resonant circuit of the crystal and holder, is fairly close. This results in 2 
parallel-resonant circuit of extraordinarily high Q. A normal high-Q L-C 
tank 47 cuit might have a Q of 100; the Q of a crystal-tank circuit could well 
pe 30, 000. 
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Basic Crystal Oscillator 


Note the resemblance of the crystal oscillator to the TPTG type. The crystal 
replaces the grid tank, and feedback is through grid-piate capacitance. The 
high-Q grid circuit requires critical plate-tank circuit adjustment for correct 
oscillator operation. As the tuning capacitance in the plate circuit varies 
from minimum to maximum capacitance, the first signal of plate current re- 
duction, A, indicates the start of oscillations. As capacitance is increased, 
the oscillations grow stronger, indicated by a continuous decrease of plate 
current, until B is reached. When capacitance is increased beyond B, os- 
cillation ceases, and plate current immediately rises to maximum. 


Optimum operation occurs between points A and В. Operating too close to 

these points causes critical conditions where small changes in circuit con- 

stants may stop oscillation. When the circuit is loaded (energy is coupled to 

another circuit), the plate-current dip is not as great. However, the dip is 
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still there, and careful tuning is required to place the plate current value 
between A and B, In addition to monitoring plate current, the grid current or 
bias voltage developed across the grid resistor may also be monitored. Grid 
current values are the opposite of plate current values — as the plate current 
dips, the grid current rises. Use of a beam-power pentode increases output, 
but the crystal receives less feedback due to the reduced plate-to-grid inter- 
electrode capacitance of a pentode. However, a small-value external capaci- 
tor may be placed from plate to grid for sufficient feedback, 
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Pierce Oscillator 


The Pierce-oscillator circuit provides high stability with a simple circuit 
that requires no L-C tank circuit. The lack of a tank circuit makes the 05- 
cillator convenient for use with numerous crystals that may be switched into 
position as desired. With the circuit redrawn, the crystal represented as а 
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E oa and the interelectrode capacitance as shown, the circuit is 
a і with the Colpitts oscillator. The transistor operated version of the 
e circuit shows the crystal in thé collector-base feedback path. 


The use of a pentode for a Pierce oscillator is quite common. The circuit is 
identical with regard to placement of the crystal. The additional components 
(aside from the screen-bypass capacitor and voltage-dropping resistor) are 
the cathode-bias resistor, cathode-bypass capacitor, and the coupling capaci- 
tor between the plate and crystal holder. The small bias developed in the 
cathode circuit is merely a safeguard. With the crystal removed the tube will 
have a small amount of bias to keep the plate current from reaching an ех- 
cessive value. The capacitor between the plate and crystal holder removes 
B plus from the crystal holder and crystal. 
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The Crystal-Overtone Oscillator 


Sometimes the desired frequency of operationis so high that a crystal ground, 
so that its fundamental frequency is the desired frequency, would be so thin 
as to be easily fractured. An alternative method of achieving crystal control 
of the high frequency is to use an overtone crystal. An overtone crystal is a 
special cut that affords more than the normal output at a particular overtone 
or harmonic frequency. It may be labeled 33.3 MHz and be used to generate 
this frequency although its mechanical resonant or fundamental frequency is 
11.1 MHz. Thus the crystal is operating at its third harmonic. 


The Butler overtone oscillator is a popular circuit for an overtone oscillator. 
It is simple and has high frequency stability. Tube Vlis a cathode follower, 
while tube V2 is a grounded-grid amplifier. The cathodes of the two tubes 
are coupled to each other via the crystal, which, at its overtone frequency, is 
series resonant and therefore presents very low impedance (resistance). The 
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plate tank L1-C1 in the grounded-grid amplifier plate circuit is tuned to the 
overtone or oscillator output frequency. Note that the plate of the amplifier 
stage (V2) is coupled to the control grid of the cathode follower (V1). A pulse 
appearing in V2 when the operating voltage is first applied, develops an out- 
put voltage that is fed back to V1, there to cause a voltage to appear across 
the cathode resistor R1. This voltage starts the crystal vibrating. The 
resultant voltage developed by the crystal appears across R2. With the con- 
trol grid of V2 connected to ground, the crystal voltage applied across R2 
appears between the cathode and control grid of V2, An amplified version 
appears in the plate circuit of V2 and is fed back to V1. The action is re- 
peated until sustained oscillations are generated, 
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The Variable-Frequency Oscillator (VFO) 


Many transmitters are designed to function anywhere within one or more 
bands of frequencies. Amateur radio stations, also known as "ham" stations 
use such transmitters, as do some other services. To permit such operation 
the oscillator portion, as well as other parts, of the transmitter are made 
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lable C affords the choice of the exact desired frequency. When used 


-frequency oscillators are L-C oscillators. Most often they switch 


in transmitters, variable -frei к iabl 
-frequency oscillators are similar to the variable 
frequency heterodyning (local) oscillators used in superheterodyne receivers. 


The number of frequency bands covered by a variable-frequency oscillator 
may be from one to as many as allowed for in the design. Usually the vfo is 
an integral part of the transmitter. Sometimes it is a separate device con- 
nected to the remainder of the transmitter. We show one type of circuit used 
for generating oscillations, but the variable-frequency oscillator may use any 
one of a number of other circuit configurations. 
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Oscillator Coupling and Loading 


To use the oscillator circuits previously discussed the signal must be coupled 
to additional circuits. Although the output of an oscillator circuit could be 
coupled to an antenna, it most often is coupled to additional circuits. Shown 
here is direct coupling of the output tank ‘circuit to the grid of the following 
stage. Direct coupling is rarely used; it provides no isolation between stages, 
and requires careful application of voltages. Inductive coupling has the out- 
put coupled to a secondary winding of atransformer. Quite often the second- 
ary is also a tuned circuit for maximum signal coupling. Capacitive coupling 
will couple the full output signal to the succeeding stage. 


The stage following derives its energy from the oscillator circuit. The re- 
moval of energy from the oscillator is termed loading. Oscillator circuits 
are to a degree self-regulating, and normally make up for circuit loading. 
Despite this, loading of the oscillator circuit can make itself felt in other 
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directions. Coupling to the output circuit is paralleling the output circuit; 
this changes the values of the output-tank circuit causing it to be mistuned, 
requiring realignment. Loading the oscillator output-tank circuit also re- 
duces the Q of the circuit, reducing the feedback and efficiency of the oscil- 
lator. A low-Q tank circuit can readily have its output frequency shifted, 
since the tank circuit will easily resonate over a wide band of frequencies. 


To keep adverse effects to a minimum it is best to load the oscillator output 
as little as possible. Minimum loading is often accomplished by the use of 
electron coupling. The electron-coupled oscillator separates the frequency- 
determining portion of the oscillator from the output-tank circuit, providing 
a minimum of loading. 


6-30 SUMMARY 


Basically, the radio transmitter is a device that generates an electrical sig- 
nal that can be fed to the antenna, and from there radiated into space. 

Large transmitter tubes produce large amounts of heat which must be re- 
moved to prevent damage to the tubes and associated circuits. This heat 
is produced mainly at the plate, but also at any grid drawing current. 

Heat removal can be accomplished by natural air currents, forced-air cool- 
ing, or water cooling. Blackening the plate also assists in heat removal. 
Grids drawing large currents are constructed with internal tubing through 
which water is circulated. 

Materials with a high melting point, such as molybdenum, tantalum, and 
tungsten, are used in the construction of grids. 

Typical plate materials are graphite, copper, molybdenum, nickel, tantalum, 
and tungsten. Nickel is used for low-power transmitter-tube plates, 
graphite and molybdenum for medium-power, tantalum for high-power, 
and tungsten for extremely high-power. Р 

To produce oscillations, the oscillator circuit must have the following char- 
acteristics. А 
1. А tuned circuit having the proper amounts of inductance and capaci- 

tance to oscillate at the desired frequency. 
2. A tube or transistor capable of amplifying a signal. j 
3. A means of providing the tuned circuit with sufficient regenerative 
energy to sustain oscillations. 7 iate 

The tuned-grid oscillator obtains regenerative feedback by coupling the p 
circuit to the tuned-grid circuit. vf 

The tuned-plate oscillator has its tuned circuit on the plate side. Вав ga ne 
tive feedback is obtained by coupling a part of the oscillation to the plal 
circuit. 

In the tuned-plate tuned-grid oscillator, regenerative feedback occurs through 
the grid-to-plate capacitance of the tube. the 

There are two basic types of split-tank oscillators — the Hartley, and 
Colpitts. 

Certain types of crystals, such as quartz or tourmaline, can be used as tuned 


circuits in oscillators. Crystals are used to give frequency, precision, 
and stability. 


REVIEW QUESTIONS 


What is the basic function of a transmitter ? 

Basically, how do transmitting tubes differ from receiving tubes? 

State two methods of removing heat from a transmitting tube. 

What type of filament material is used in high-power transmitters? 

How is energy coupled from the plate circuit to the grid circuit in the 
TPTG oscillator? 


What are the proper conditions for producing regenerative feedback in 
the TPTG oscillator? 

7. What is the function of a crystal as used in an oscillator? 

8. What are the characteristics of an X-cut crystal? 

9. What is meant by the "piezoelectric" effect? 
0 

i 


Quim coo pe 


o 


What is meant by the temperature coefficient of a crystal? 


Whateffect does the crystal mounting have on the equivalent circuit of 
the crystal? 


12. How does the Hartley oscillator differ from the Colpitts oscillator? 
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The Class-C Amplifier 


A class-C amplifier is biased well beyond (1.5 to 4 times) cutoff so that plate 
current flows for less than 180° of the input cycle. On the positive peaks of 
the grid-input signal the grid is generally driven positive, and as a result, 
draws current. In the absence of any input-signal voltage, the plate current 
is zero, and remains zero until the signal voltage has a positive amplitude 
greater than the applied grid bias. When the input signal is applied and grid 
current flows, the rise in plate current takes place along the linear portion of 
the characteristic curve — ideally up to, but not exceeding, the saturation 
level. 


A feature of the class-C amplifier is that it affords higher plate circuit ef- 
ficiency than any other class of amplifier. This is the efficiency with which 
the d-c power supplied to the plate circuit is converted into amplified a-c 
energy. The class-C amplifier (biased beyond cutoff) consumes power only 
during a portion of the input-signal period. The efficiency of a class-C am- 
plifier may be as high as 80%. This amplifier cannot be used to reproduce 
variations in the waveform of the driving signal because, regardless of the 
input-signal voltage, the plate current appears as individual pulses. When 
amplifying sine-wave signals, the high distortion introduced by the class-C 
amplifier is overcome by the flywheel effect of the tuned-plate circuit, 
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Class-C Amplifiers (Cont'd) 


A typical Class-C amplifier is shown, with the input signal supplied through 
tuned transformer Т1. The output is developed by the r-f signal appearing 
across the parallel resonant circuit T2. The various voltage and current 
relationships in the circuit are shown beneath the circuit. The signal volt- 
age ec is developed across the tuned circuit T1. 


The Class-C amplifier operates with grid bias much greater than cutoff, 
Therefore, the grid excitation voltage causes plate current to flow during only 
part of the cycle. During the remainder of the cycle the voltage on the grid 
is below the cutoff value, the plate current ip is zero, and the corresponding 
plate voltage ep rises to its highest value, or Epp. Since no plate current 
flows, the voltage drop across the plate-load impedance must be zero. The 
voltage drop across the load, therefore, is 180^ out of phase with the grid 
voltage. The a-c components of the plate and grid voltages are sinusoidal 
because of the sharply-tuned resonant circuits. 


Plate current flows when the grid voltage eg rises above cutoff. The angle of 
flow of plate current is 9, and is always less than half а cycle. Grid current 
flows duringthe angle 0g when the grid voltage eg becomes positive. The sum 
of these two currents, ip + ig, is the space current, is, and represents the 
total current leaving the cathode. The angle of grid current flow depends on 
the ratio of the grid bias to the peak signal amplitude. This is equivalent to 
Saying that, in a particular amplifier, the value of the grid bias chosen deter- 
mines the angle of plate current flow for a given input signal. Short angles 
of flow give high efficiency and low power output, whereas large angles give 
low efficiency and higher power output. 


At any moment the total power input to the plate is the product of the total 
voltage ep supplied to the plate, and the instantaneous plate current ip. The 
power output is equal to the product of the load voltage and the plate current. 
The power loss at the plate is the difference between the input power and the 
output power. The efficiency of a Class-C amplifier is the ratio in percent of 
the output to input power, and is usually between 60% and 80%. This high ef- 
ficiency is possible because the plate current flows only when most of the 
voltage drop is across the output circuit. Therefore, only a small part of the 
supply voltage is wasted as a voltage drop between the plate and cathode of 


the tube. 


Since the grid of the tube swings positive and draws current during part of 
the cycle, power is absorbed from the excitation circuit, which is the product 
of the exciting voltage ec and the grid current ic. Some of this power is lost 
at the grid, and the remainder is dissipated in the bias battery. If grid-leak 
bias is used, the remainder is dissipated as heat in the grid-leak resistor. 


Special emphasis was placed on the action of the Class-C amplifier because it 
represents an extremely important transmitting circuit. We will discuss it 
further in its numerous applications of voltage amplification and power am- 
Plification, together with methods of tuning and circuit variations. 
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The Class-C Tuned R-F Amplifier (The Grid Tank and Grid Drive) 


The class-C amplifier as used in transmitters is a tuned r-f amplifier. A 
distinguishing feature is the variable-tuned parallel-resonant L-C circuit in 
the plate circuit. This tuned: circuit is generally referred to as the plate 
tank. The control-grid circuit of the same amplifier Stage may or may not 
Contain a similar variable-tuned L-C circuit. When it is present it is called 
the grid tank. For purposes of explanation let us consider a class-C triode 
tuned r-f amplifier with grid and plate tanks — L1-C1 in the grid circuit, and 
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L2-C2 in the plate circuit. The different methods of procuring the negative 
bias are discussed later. 


Assume a signal voltage of a single frequency "f" coupled to the grid tank. 
The magnitude of the signal voltage delivered to the control grid will depend 
on the tuning of L1-C1. When the grid tank is tuned to frequency "f", maxi- 
mum signal voltage is delivered to the input circuit of the tube. If the level of 
the Signal derived from L1-C1 is sufficient to override the applied negative 
grid bias, the positive peaks of the signal will drive the control grid positivé 
and cause grid current to flow, The current will be maximum when the grid 
tank is tuned to resonance with the incoming signal, and will drop off rapidly 
each side of resonance. If we measured the signal voltage delivered to the 
control grid, and multiplied this voltage by the grid current, the product 
would be a certain amount of electrical power which is consumed in the grid 
circuit. This power is known as the grid drive, and is expressed in watts- 


Tetrode- and pentode-type amplifiers require less grid drive than triode-tyPe 
amplifiers. In all cases, however, class-C amplifiers bear a rating that 
states the amount of signal power (erid drive) that must be delivered to the 
control grid to derive maximum power from the tube. In the absence of 
adequate grid drive to override the applied bias, the tube will be inoperative. 
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Class-C Amplifiers — The Plate Circuit 


When the voltage between control grid and cathode is below cutoff, plate cur- 
rent flows. For any given value of applied plate voltage, the plate current is 
determined by the fixed grid bias, the amount of grid drive, and the state of 
resonance of the plate tank L2-C2. The plate tank is a parallel-resonant cir- 
cuit which serves as the load for the plate circuit of the tube. As such, it 
presents maximum impedance at resonance. 


Let us view the plate-cathode circuit inside the tube as a source of pulses of 
Plate current, each of which consists of a number of frequencies, One of 
these is the fundamental frequency "f," corresponding to the frequency of the 
Signal fed to the control grid of the tube. The others are even and odd har- 
monies of f, or 2f, 3f, etc. If we now visualize the plate tank tuned to the 
fundamental frequency of the plate current pulses, i.e., to f, then L2-C2 will 
Present maximum impedance to the flow of this frequency component of the 
plate current, and theoretically zero impedance to the flow of the other fre- 
quency components of the plate current. The overall result is minimum plate 
Current. A d-c milliammeter connected in series with the plate circuit would 
Show minimum plate current, If the plate tank is detuned from this frequency, 
the impedance it presents to the flow of plate current is greatly reduced, and 
the plate current rises very sharply. In fact, in high-power amplifiers it can 


become so high as to damage the tube. 


A reduction in plate current would occur if the plate tank were tuned to the 
Second harmonic, rather than tothe fundamental, except that now the decrease 
Would not be as great as when L2-C2 was tuned to the fundamental. The 
reason is that the amplitude of the 2f component of the plate currentis much 
less than the f component. Limiting the 2f component has a lesser effect on 
the total current than limiting the f component. The resonant plate tank would 
Present maximum impedance tothe flow ofthe 2f component, and theoretically 
Zero impedance to the f component, and to frequency components higher than 
21. A corresponding action develops when the plate tank is tuned to 3f or to 


higher harmonics. 
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Transistor Class-C Amplifiers 


The Class-C transistor amplifier shown in (A) uses the equivalent of tube 
grid-leak bias in the base circuit, a form of r-c self-bias that can be called 
"base-leak" bias. In а tube-operated power amplifier using grid-leak bias, 
loss of drive to the grid of the tube will result in loss of grid bias, causing 
excessive plate current to flow and possibly ruin the tube. In transistors, 
with no forward bias there is no collector current; thus the transistor pro- 
tects itself when loss of drive results in loss of forward bias. 


Self-bias operates as follows: On the half-cycle that causes forward conduc- 
tion, the resulting base current flow will develop a voltage drop across the 
base resistor. During the half cycle in which base current does not flow, be 
discharge from the base capacitor will maintain the bias. As previously noted 
for grid-leak bias, the base bias voltage will average out to maintain the re 

quired level of bias voltage. 


A push-pull Class-C amplifier using fixed bias is shown іп (B). Note ee 
common-base configuration, the circuit being designed for operation at ies 
frequencies. Normally this type of circuit would require neutralization 
However, the use of transistors designed for r-f has alleviated the псн 
feedback problem and neutralization is not required. A parallel output Se 


biased Class-C amplifier using a common emitter configuration is illustrate 
in (C). 
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Buffer Amplifiers 


For increased power and isolation of the oscillator, a stage of amplification 
is placed between the oscillator and the antenna or following stages. This 
stage is called a buffer amplifier. Its basic function is to simply amplify, 
making no frequency changes. Isolating, and reducing the loading of the os- 
cillator, improves its frequency stability. Any changes in the buffer output 
caused by loading from the succeeding stage is not reflected back to the os- 


cillator; hence, buffering action. 


The buffer amplifier is generally biased to operate class-A. Itisdesigned so 
that the grid will not go positive and draw grid current. By doing this, the 
grid circuit of the buffer stage always presents a high-impedance load to the 
oscillator feeding it. This minimum loading produces high oscillator stabil- 
ity. Coupling from the oscillator to the buffer amplifier is usually of the R-C 
type. The output-plate circuit of the buffer has a tank circuit tuned to the os- 
cillator frequency. The grid circuit does not use a tuned circuit, since it 
would then resemble a TPTG oscillator and may start oscillating. In the 
typical buffer circuit shown, the cathode-bias resistor is not bypassed thus 
providing degeneration. This acts both to keep the signal undistorted and to 
prevent any possible regeneration from the plate to grid circuit. In some 
low-power transmitters frequency multiplying is sometimes done in the 


buffer stage, and it may be operated class-C. 
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Frequency Multipliers 
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At the higher frequencies, oscillator frequency stability becomes difficult to 
maintain, Hence, it has been found best to keep the oscillator stage operating 
at à lower frequency, while arriving at the desired frequency by frequency 
multiplying. If the plate-tank circuit of the buffer amplifier is tuned to the 
second harmonic of the driving signal applied to the grid, the stage becomes 2 
frequency doubler and the output voltage has a frequency equal to twice that of 
the input. Likewise, the buffer amplifier may become a tripler or a quad- 
rupler. Where a greater amount of frequency multiplication is desired, two 
or more stages of frequency multiplication are operated in cascade. 


The output of a frequency multiplier ig a harmonic of the input signal. The 
harmonic output of a class-C amplifier can be controlled by controlling the 
value of the peak plate current. The harmonic output increases at first, aS 
the width of the plate current pulse is decreased, but will then start to de- 
crease as the pulse width is decreased still further. 
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Frequency-Multiplier Amplifiers 


To act as a doubler, the plate-tank circuit must be tuned to twice the input 
frequency. As shown, following the plate-current pulse, the circulating cur- 
rent of the tank will carry the oscillations through two complete cycles before 
the next reinforcing plate-current pulse. With plate-current pulses applied 
at every other cycle, the output power available when operating as a doubler 
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will be approximately one-half of that available when the amplifier is oper- 
ated straight through. 


The action of the circuit as a tripler and quadrupler is identical. The effi- 
ciency ofa tripler will be less than that of a doubler, approximately one-third 
the output power available from a straight-through amplifier. The output of a 
Quadrupler is similarly reduced in value to approximately one-fourth. 
Despite the reduced output power from the higher-order harmonic frequency 
multipliers, use of a high-Q output-tank circuit keeps the damping of plate- 
tank circuit oscillations to a minimum, and permits ample output power. 
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Frequency-Multiplier Amplifiers (Contd. ) 


When even-order harmonics are produced, the second harmonic contains ap- 
proximately one-half the energy contained in the fundamental frequency, with 
the fourth and sixth harmonics Proportionally reduced. Circuits designed to 
produce even-order harmonics will not generate odd-order harmonics. 


Odd-order harmonics can be produced by application of sufficient bias and 
Signal level to cause plate current saturation and "square" the input signal. 
Assuming plate current conduction for 180° of the input cycle, there will be 
output pulse energy present at various odd-order harmonics of the funda- 
mental frequency. As shown, the third harmonic contains approximately one- 
half the energy contained in the fundamental frequency, with the fifth and 
Seventh harmonics proportionally reduced. A circuit operating with the bias 
Set as shown, provides an excellent frequency tripler. 
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Diode Harmonic Generator 


A solid-state frequency multiplier circuit using a special "ѕіер-гесоуегу " 
diodeisillustrated below. Action of the step-recovery diode upon a sine wave 
is shown; note thatthe negative alternation is not cut off; current continues to 
flowfor a shorttime, then suddenly the currentílow "snaps off" to zero. This 
Snap off action, also called "step-recovery," is the source of the various 
names used to describe the special diode: step-recovery, snap-off, or snap 
diode. 


The alternationthat applies reverse-biastothe diode causes the minority car- 
riers ofthe P and N material to be trapped. In their flow back to the junction, 
the minority carriers momentarily maintain current flow. As the minority 
carriers reach the junction, the current flow suddenly ceases, causing the 
Steep curve shown (referred to as "transition time"). _ The near straight line 
Square wave shape of the transition time indicates a high harmonic frequency 
content. (A square wave is a combination of many odd sine wave frequencies.) 


In the "tripler" circuit shown, the input frequency is 144 MHz, and the output, 
432 MHz, is three times the frequency of the input. The input circuit to the 
diode is tuned to 144 MHz with the output of the diode tuned to 288 MHz to 
form a "doubler." The 288 MHz tuned circuit will also contain components 
of the 144 MHz frequency to provide a third harmonic content that will main- 
tain oscillation inthe isolated 432 MHz tuned circuit. Inductive coupling from 
the isolated tuned circuit to another circuit tuned to 432 MHz provides the 
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Tuning Frequency Multipliers 
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quadrupler, especially the latter. The push-pull circuit eliminates even har- 
monics in the output, hence is a very efficient frequency tripler. 
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Interstage Coupling 


There are two main methods of coupling between stages of a transmitter — 
capacitive and inductive (transformer). Coupling is designed to provide the 
Maximum transfer of energy with minimum loading. In capacitive coupling, 
also known as R-C coupling, the capacitor provides a low impedance path for 
the signal while Sinialtansously blocking the d-c plate voltage. To obtain а 
better impedance match the capacitor may be placed at various positions, or 
tapped down the coil. Inductive or transformer coupling consists of using the 
primary asthe plate-tank coil, and the secondary as the grid coil for the next 
Stage. The closeness of the coils determines the degree of coupling, and 
therefore the loading. The positions of the coils relative to each other also 
changes the degree of coupling. When parallel to each other, the coupling is 
maximum; when placed at right angles coupling is minimum. Coupling is 
unity or perfect when the coils are wound so that the wires are interwound. 
Then the tuning of the plate circuit also tunes the grid circuit. 


In another form of inductive coupling, known as link coupling, a coil is con- 
nected at each end of the transmission line, and serves to link two tuned cir- 
cuits. Long distances are permitted between the coils, since the transmission 
line impedance is low. The closeness of each coupling may be varied. The 
r-f signal developed across both the plate andthe grid coils finds the top ends 
hot with respect tothe bottom end whichis cold(being at r-f ground). The best 
Place to couple to the tuning coils is at the cold ends to prevent r-f voltage 
arcing. To keep developed harmonics to a minimum, one end of the link is 
grounded. This also reduces capacitance coupling between the tuned circuits. 
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Interstage Coupling (Cont'd) 


Since the action of impedance coupling is so dependent upon the use of r-f 
chokes, it is worth discussing them separately. 


R-f chokes are a special form of inductance, usually consisting of many turns 
of fine wire wound either as a single coil, called a solenoid, or ina layer, 
called a pie winding, or a series of interconnected pie windings. They are 
specifically designed to have the least amount of possible stray capacitance 
between the windings. Every r-f choke has one frequency at which the value 
of inductance will resonate with the stray capacitance. This frequency should 
be much lower, or much higher than the frequency of the circuit in which it is 
placed. Some r-f chokes are designed to be used over a wide range of fre- 
quencies. Care must be taken with these chokes to see that nowhere in the 
range of frequencies used will there be a frequency that is resonant with the 
stray capacitance. Also, sufficient reactance must be offered at all fre- 
quencies. The higher the frequency, the higher the value of Xy, with a given 
value of choke. This means that at high frequencies it is easy to obtain 4 
large value of reactance, and therefore high-frequency r-f chokes usually con- 
tain only a small number of turns. The size of the wire used to wind the 
choke will determine how much current it can handle safely. 


Using the r-f choke as a plate load, the entire signal is coupled through à 


capacitor to the tuned-input circuit. To vary the coupling the tap on the input 
coil is varied. 


To vary the tap on the plate coil of a tank circuit, exposure to the d-c plate 
voltage becomes unavoidable. By using the r-f choke to provide a parallel 
path for the application of the В plus voltage, a parallel plate-feed circuit 18 
obtained, freeing the tank circuit of the d-c plate voltage. 
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The Tuned R-F Amplifier and Driver Stage 
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Brid ofthe same stage. In almost all respectsthe driver stage is a low-power 
Version ofthe r-f power amplifier, differing from the latter mainly in the am- 
plitude of the signal it processes, and in the lower values of grid bias and 
Plate voltages used. While all transmitters contain a power amplifier stage, 
he amplifiers are not identical in all cases. They differ in the type of tube 
used to satisfy the output-signal power requirements, and in the operating 
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The Tuned R-F Power Amplifier 
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The basic operating conditions for the Class-C tuned r-f amplifier have bee? 
described, but several qualifications pertinent to the power amplifier must be 
emphasized. First, is the requirement that the grid bias and plate voltage 
values be such that the changes in plate current for any given input-sig™ F 
voltage occur along the straight portion only of the grid voltage-plate curre” 
characteristic. The plate current should rise from zero to maximum, but t 
maximum should not be beyond the saturation level, which as you will remem? 
ber, was the maximum current condition inthe Class-C frequency multiplier: 
The abovementioned restriction establishes a limit on the peak amplitude 0 
the input-signal voltage. Limiting the plate current in this way reduces t 
amplitudes of the harmonics in the plate current, thereby minimizing t 
possibility of delivering harmonic frequency signals to the antenna. 


Another consideration isthatthe stage from whichthe power amplifier derive? 
its input-signal voltage must be capable of supplying the necessary powe 
consumed in the power-amplifier grid circuit (input signal voltage х ЁТ? 
current) during the operating cycle of the plate current. R-f power amplifieT 
tubes bear input power ratings for full output, as for example, "8 Watt? 
driving power." The stage ahead of the power amplifier should be capable 
of delivering more than the stated minimum input power requirement of 


amplifier stage. In this way adequate grid drive is available when the al^ 
plifier is delivering full output. 
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Neutralization 


In circuits such as buffers, drivers, and power amplifiers where both the in- 
put and the output frequency are identical, an acute problem exists. The 
positive feedback through the grid-to-plate interelectrode capacitance may 
cause oscillations. The higher the frequency the more acute the problem 
becomes, In low-power tetrode and pentode circuits, the problem still exists 
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due to the high signal voltage. In spite of the low interelectrode capacitance, 

le small positive feedback may still be sufficient to start unwanted "рага- 

sities," or oscillations. To prevent them, the simplest method, called 

neutralization is to counter or “neutralize” with an equal amount of negative 
, 


feedback 
ation, uses a neutralizing capacitor the 


rrect amount of negative feedback, and to 
e. For this purpose we connect the 


One method, called plate neutraliz 
Purpose of which is to obtain the co 


apply it to id in the proper phas à 
Centertap M dd rM coil to ground. This makes the bottom end of the 


S i i the top of the coil, and suitable 
coil "hot" osite polarity from ‚ i 

for арсы б > nie feedback voltage. Hence, the negative feedback 
is obtained from the end of the coil opposite to the plate. 

In an id neutralization, positive and negative feedback 
other method, called grid пек j-bias voltage is applied to the 


emanat, int. The d-c grid lied t 
centena nf the acid EO " instead of to the bottom of the grid coil which is 
; 


now "hot, " permitting the negative feedback voltage to be applied there. 


6-48 R-F POWER AMPLIFIERS 


Neutralization (Cont'd) 


For balanced circuits, cross neutralization is used. Portions of the output 
voltage of each plate are coupled to the grid of the opposite tube. Assume 
that at a given instant the signal voltage across the grid coil appears with the 
voltage shown, and which in turn places a voltage of opposite polarity on the 
output coil. The charge on the plate side of the neutralizing capacitors 
causes the opposite plate on the grid side to have an opposite charge. Hence, 
degenerative feedback is applied to each grid. 


To adjust the negative feedback to the required value, the procedure is 35 
follows: remove the plate voltage from the stage being neutralized. Apply 
the signal voltage to the grid and tune for resonance at the desired frequency: 
Use an r-f indicator which consists of a lamp in series with a turn of wie 
inductively coupled to the plate-tank coil. If the lamp lights, an r-f voltage E 
present in the plate tank, and the circuit is not neutralized. The negative 
feedback is correctly adjusted when no r-f voltage is indicated in the Bee 
tank coil. After each adjustment, the grid and plate coils must be retuned, 
and the plate-tank coil rechecked for r-f voltage. 


Another method, called inductive neutralization consists of canceling 5 
interelectrode capacitive reactance by shunting it with an inductive reactan 
(coil), connected between grid and plate. The desired effect is obtained wher 
the two reactances have equal values. Being of opposite phase they cance 
each other. We have therefore a parallel-resonant circuit between plate ал 

grid which at resonance offers maximum impedance, and blocks any energy 
transfer from plate to grid. The parallel-resonant circuit is at resonance fo 

only one specific frequency, hence it must be retuned for any signal frequency 


change. Clis a high value, low-reactance d-c blocking capacitor, and doe? 
not affect the parallel-resonant circuit. 


POWER 
AMPLIFIER 


Inductive 
Neutralization 
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Transistor R-F Amplifier Neutralization 


Transistor junction capacitance can provide a feedback path from the output 
to the input causing undesired oscillation. Controlled feedback (neutralization) 
for transistor r-f amplifiers is similar to thatused in tube r-f amplifiers. In 
the Circuit shown the -Vcc tap is essentially the end of the tank circuit coil 
(this is the resultofthe bypass capacitor providing an r-f ground at this point). 
The additional turns provide the out-of-phase feedback that is coupled to the 
input via Cw. In place ofthe added turns, the feedback may be taken from the 
Coupled signal driving the succeeding stage. This removes the collector coil 
feedback winding; however, a larger value of Cy must be used. 


The neutralized circuits shown are typically used for frequencies ranging up 
to approximately 50 MHz. Above these frequencies special transistors or 
Specially designed circuits (including careful component layout) must be used. 
Essentially, this is a result of the wide frequency changes creating wide im- 
Pedance changes that make feedback circuits inoperative. 


The changing impedances noted above are caused by the fact that part of the 
Junction feedback path contains resistive paths as well as capacitive paths. 
‘he resulting r-c feedback imparts a phase shift to the undesired feedback 
Signal that cannot be completely overcome by the neutralizing signal because 
hey are out-of-phase. The out-of-phase neutralizing feedback signal does 
Prevent undesired oscillations, but at the expense of greatly reduced gain. To 
Overcome this problem, a resistor is placed in the neutralizing feedback sig- 
nal path to provide an offsetting r-c phase shift; this is called unilateralization. 
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Power-Amplifier Input Circuits 


It is highly desirable to have as efficient a transfer of power from the driver 
stage to the power amplifier as possible. Therefore, the grid tank circuit 
must provide an impedance match between the grid input impedance of the 
amplifier and the plate output impedance of the driver stage. If a grounded- 


grid amplifier is used, similar considerations apply to the cathode tank cir- 
cuit. 


The impedance of a circuit normally is defined as the ratio of voltage to cur- 
rent. However, in the grid-circuit of a class-C amplifier, this ratio is far 


INPUT CIRCUIT of 
CAPACITANCE-COUPLED 
TUNED-INPUT 


Tapped inductor POWER 


DRIVER Steps Up AMPLIFIER 
signal voltage 


Ee ees pease 
ri 


from constant. When the grid voltage goes highly negative, no current 18 
drawn at all; when it is positive, a great deal of current flows. Therefore; 
the impedance of the grid circuit varies over a range from an extremely hig! 
to an extremely low value through the operating cycle. If the input impedance 
of the grid circuit is too high, the heavy current demanded by the extreme 
grid swing cannot be drawn. As a result, actual grid voltage and conseque” 
loss of peak efficiency are reduced in the operation of the amplifier. If the 
impedance of the grid tank circuit is too low, a great deal of power from the 
driver stage is required to operate it, and the losses in the inductor consume 
a considerable amount of the applied power. Generally, a compromise value 
is used which is approximately equal to the ratio of the driving power i” 
watts divided by the square of the grid current. The choice of values for thé 
components in the grid tank circuit is determined by this impedance. The 
result usually is satisfactory regulation of the grid voltage without excessive 
power loss. 
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Power-Amplifier Input Circuits (Cont'd) 


POWER AMPLIFIER GRID-TANK CIRCUITS 
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Neutralizing Capacitor 


The circui i the same as the previous circuit except that the 
uned Pod het prt grid circuit of the power amplifier, and driver 
Plate voltage is supplied through an r-f choke. This arrangement is used 
When the required impedance at the grid of the power amplifier is lower than 
the output impedance needed in the driver Stage. Circuit B permits complete 
d-c isolation of the tuned circuit from the driver and amplifier stages. C1 
and C2 block the d-c voltages, and at the same time couple the signal from 

iver plate to amplifier grid. There is no means for adjusting the imped- 


ance between grid and plate circuits. 


Circuit i iver to be neutralized to prevent oscillation. It also 
Bike шша еч the amplifier, and d-c isolation for the bias and 
high-voltage circuits without need for r-f chokes. Inductor L of the tuned 
Circuit is split into two parts at the center, each of which is grounded sepa- 
rately with r-f bypass capacitors. Driver plate voltage thus cannot reach the 
amplifier grid. In circuit D the tuned-plate tank of the driver is inductively 
Coupled through a low-impedance link to a tuned-grid circuit. _ The link in- 
Uctance is small and therefore the impedance of the coupling circuit is bi 
is minimizes losses in the transmission of driving power, and provi es 
SIRE flexibility in matching impedances between the driver and power am 
ег, 
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Input Circuits For Push-Pull Amplifiers 


The input circuits for push-pull amplifiers are variations of those used in 
single-ended amplifiers. The capacitive coupling arrangement in A uses à 
tuned-plate circuit for the driver tube formed by L1 and C1. Because each 
half of the split coil is out of phase with the other half, each half can supply 
grid drive in push-pull directly through C2 and C3. A split-stator capacitor, 
C1, is used as the main tuning capacitor for the coupling arrangement. TWO 
r-f chokes are used, one from each grid to the bias supply. C4 introduces 4 
small amount of capacitance from the lower end of the tank circuit to ground 
to compensate for the plate-to-ground capacitance of the driver tube, which 
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COUPLING AMPLIFIER 
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DRIVER 
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appears across the upper half of the circuit. Driver plate voltage is applied 
through an r-f choke. Neutralization of the driver Stage is provided by С. 


An inductive coupling arrangement for the grid tank circuit is shown in 2, 
The link circuit transfers energy from the driver tank, L1-C1; out-of-pha$ 
voltages to the push-pull grids of the amplifier are developed across C2. 


The choice of circuits depends on several considerations. Where the tuning 
capacitor is grounded directly, it must have twice the voltage rating of one 
grounded through a capacitor. 1n some instances, the use of an r-f choke fo^ 
bias is undesirable. The link-coupled circuits permit the driver to be locat 


at some distance from the amplifier and connected to it through a 10^ 
impedance transmission line. 
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Single-Ended Power Amplifiers 


A power amplifier that uses one tube is called a single-ended circuit. The 
circuit is usually the same whether operated class-B or -C. The difference 
is in bias and excitation voltages and in component values. The single-ended 
circuit generates more harmonic output which sometimes is a disadvantage. 
It is however the simplest circuit to use over a wide range of frequencies. 
Several types of tank circuits provide a wide range of impedance matching. 
These circuits are necessary where a variety of different antennas must be 
used. In A, the plate tank is composed of a variable capacitor with a single 
rotor and two stators, and L2. The capacitor is called a split-stator, and is 
used to obtain the out-of-phase voltage that is fed back for neutralization. 
The output tank is coupled to the antenna by a link coil around 12. ‘This cir- 
cuit is popular with high-power triodes. 


Шш circuit B, grid-leak bias is used. Cathode bias also is provided as a pro- 
tective measure in case excitation fails, which would result in a loss of grid 
bias if R1 alone were used. The tank circuit is a special impedance-matching 
network known as a pi network. It can be used with almost any length antenna. 
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Push-Pull Power Amplifiers 


NEUTRALIZING 
INPUT CAPACITORS 


TANK 


INPUT 


PUSH-PULL = 
POWER С BIAS 
AMPLIFIER È 


CIRCUITS Two beam-power tubes 


in one envelope 


Ò- + 
c Common Common B 
(в) | t-f bypass voltage dropping 
= resistor = 


Since a push-pull circuit uses two identical tubes, advantage is sometimes 
taken of this, and the two tubes are combined in one glass envelope. This i$ 
especially useful at very high frequencies where the length of connecting 
leads becomes important, and must be kept short, Push-pull circuits have 
the advantage of lower harmonic output, ease of neutralization, and greate” 
output for a given amount of excitation. Such a circuit requires only as much 
excitation as one of its tubes does when run by itself in a single-ended cOn- 
nection. This is because both halves of the grid-voltage cycle are used 27 
ternately by each tube. The output is recombined in the plate circuit. 


In circuit A, the input tank circuit provides equal and opposite voltages to the 
grids of the two triodes, The r-f choke provides a means of inserting БГ 
bias from a fixed bias supply. The plate tank is made with split-stator C27 
pacitor C2, and recombines the output from the two triodes, Since opposite 
sides of a tank are 180° out of phase, neutralizing voltages may be obtaine 
simply by feeding back some of the energy at these points to the opposite 
grids. In circuit B the grid tank L1-C1 provides drive for the tube. Grid 
bias is furnished from a fixed supply. In the tube, the screens of both 5667 
tions are connected, and C2 serves as a bypass for them. ВІ provides scree? 
voltage by dropping the plate voltage because of the current that passe? 
through it. The output tank circuit is the same as in A. The r-f choke per^ 
mits feeding plate voltage to both halves of the tube. 
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Power-Amplifier Output Circuits 


A large variety of practical circuits has been devised which present the 
proper load impedance to the power amplifier when connected to the trans- 
mission line or antenna. The simple parallel-resonant tuned circuit in A is 
frequently used for single-ended tetrode amplifiers. The circuit is shunt-fed. 
Tank circuit C1-L1 is coupled to the plate by C2. The advantage of this cir- 
cuit lies in the removal of all d-c voltages from the tuning capacitor. This 
means a lower value of total voltage across this component with correspond- 
ing smaller size. A major shock hazard from contact with an exposed portion 
of the tank circuit is removed, but possibility of a bad r-f burn always exists. 


Although circuit A is satisfactory when used with tetrodes and grounded-grid 
triodes, it provides no means of neutralizing an ordinary grounded cathode 
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triode. In B, C1 has a split-stator with the rotor directly grounded. This 
Permits an out-of-phase voltage tobe taken from the lower end of the coil and 
returned to the input through neutralizing capacitor Cw. The split-stator ca- 
Pacitor effectively divides the circuit in two parts, and an r-f peak of twice 
the d-c plate voltage can appear across each. This requires a physically 
large capacitor. The circuit in C is the push-pull counterpart of the simple 
resonant tank. A split-stator capacitor is used with the push-pull version, 
and the rotor is grounded for r-f through C2. To reduce the voltage across 
each half of C1, the plate voltage sometimes is connected to the rotor. The 
Shock hazard introduced by this can be avoided by grounding the rotor of C1 
directly (D), and applying the plate voltage through a choke. 
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Output Coupling 


The output of the final stage, or power output stage, has to be coupled to the 
transmission line as efficiently as possible to ensure maximum output to the 
antenna. A transmission line, to be discussed later, can be assumed for 
present purposes to appear as a pure resistive load, the value of which is 
determined by the characteristics of the type of transmission line used. TO 
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C2 Resonates with L2 
at the operating frequency 


C2 Transmission 


S12 line load 


couple the output tothe trans 
between the output plate-tank 
permit changes in loading. 


mission line, a pickup coil is used. The coupling 
coil and the pickup coil is made adjustable t 


The pickup coil acting as the sour 
mission line should match the 
mum transfer of power. 
match will often occur, 


ce for the load represented by the trans” 
impedance of the transmission line for maži” 
This is not a simple thing to accomplish; a mis” 
atch ` ‹ which when reflectedback tothe output plate-tank cit- 
cuit will cause it to be detuned. To overcome this obstacle a capacitor is 
placed in series with the pickup coil, providing a tuned circuit. Additional? 
the tuned circuit provides increased selectivity of the output frequencies, 
making it helpful in suppression of harmonics. The resonant circuit forme 
by the pickup coil and capacitor should not have too high a Q. If the outp¥! 
becomes too selective it will have to be retuned for each small change in out” 
put freauency. 
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Output Coupling (Cont'd) 


In place of the output tank circuit and transmission line tuned circuit, a net- 
work may be used which will act as both the tank circuit and matching circuit 
to the transmission line impedance. An L network uses an r-f choke for the 
Plate load and a capacitor to couple the output to the tuning capacitor and in- 
ductance forming the L network. This places the transmission line imped- 
ance in series with the L and C of the tuned output circuit. 


One of the most frequently encountered variable matching networks for the 
Output of an r-f amplifier is the pi network. The plate voltage fed through the 
r-f choke is prevented from reaching the antenna by the coupling capacitor. 
The pi network of C1, L1, and C2 is capable of matching a wide range of im- 
Pedances, and operates as a voltage divider. The combination of L1 and C2 
forms the divider circuit which develops higher or lower voltages at the out- 
put terminal. C1 then tunes the combination of C2 and L1 to resonance at the 
Operating frequency. Depending on the relative values of C1 and C2, a volt- 
age much lower than the a-c plate voltage can be developed. Thus, this cir- 
cuit can match an extremely wide range of impedances. 
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Bias Voltages 
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The proper operation of an amplifier depends to a large degree upon the cot” 
rect bias voltages. A tube that operates at or beyond cutoff, such as in 
class-B and -C operations, must use some form of external bias. In с1а85- 

operation, the continuous flow of plate and Screen current through a cathode 


resistor can be used to develop self-bias. Most transmitter circuits operate 
class-C; therefore some form of bias is required. 


Grid-leak bias develo 


d DS a bias voltage due to the presence of a signal: 
Driving the grid posit 


ү { ive draws grid current, develops a voltage drop across 
the grid resistor, and charges the capacitor. After several cycles, the char! ge 
on the grid levels off at the correct bias value. Loss of grid drive, however: 
causes loss Of grid bias. In addition to accidental loss of grid drive, a COP" 
dition exists when CW code is transmitted for short durations. Between "dot® 
and dashes" the lack of signal is as though no signal were applied to the grid, 
causing a loss of grid-leak bias. With high-power tubes, the lack of bias 
may cause excessive plate current flow, and quickly ruin the tube. 


A typical circuit shown, which includes both grid-leak and cathode bias, Pre” 
vents excessive plate current flow. When no signal is applied to the grid, e 
heavy plate current flow through the cathode resistor develops a large volt- 
age drop. This is sufficient self-bias to quickly reduce the plate current ал! 
keep it within safe limits. Another circuit shown makes use of a minim 
value of bias voltage from an external Source, such as the tap of a voltage 
divider ог a separate bias supply. When the signal is applied, the grid driV 
develops its own grid-leak bias, in addition to the external bias. 
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Transmitter Meters 


Metering performs a vital job in maintaining a transmitter. 
Metering the many voltages and currents ensures high 
performance, and indicates present or possible future trou- 
bles. In high-power, high-cost commercial transmitters, 
individual meter movements are generally used for each 
reading. In less complex transmitters, a single meter is 
used to monitor many readings by switching it into differ- 
RUNN ent circuits. When metering in r-f circuits a bypass ca- 

ING-TIME pacitor is always placed directly across the meter termi- 

METER nals. 


To measure the length of operation time of a transmitter, a "running time" 
meter is used. The running-time, or elapsed-time meter is essentially an 
electric clock that reads in hours and tenths of an hour as shown. The 
Tunning-time meter is usually connected across the power transformer pri- 
Mary winding to measure the time duration that ac is applied to the trans- 
mitter. Occasionally an a-c meter is used to measure the filament voltage 
of a high-power tube, but mostly d-c voltages and currents are measured. 


al meters shown, meter М1 indicates grid 
ltage from grid to cathode, meter M2 is 
ode circuit measures the combined 
At times, a cathode-current 


zi the typical placement of individu: 
urrent flow, To measure the vo 
used. The current meter M3 in the cath 
Control grid, screen grid, and plate currents. 
meter is used in place of a plate-current meter. This eliminates the placing 
of a meter where high voltage is present. To obtain the plate current value, 
he control grid and the screen grid currents must be deducted from the 


Cathode-current reading. 
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М2 
(Grid-to-cathode 
voltage) 


M6 
(Plate-to-cathode 
voltage) 
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Output and Input Power 


A transmitter is most often rated by its output power. To measure it, the 
transmission line is replaced with a dummy load that is a pure resistance of 
the same value as that of the transmission line it replaces. The dummy 
load's resistance must be capable of handling the dissipated heat. Many re- 
sistors may be placed in parallel; for example, placing ten 500-ohm resistors 
rated at 20 watts in parallel, provides a dummy load of 50 ohms, capable of 
dissipating 200 watts. In another method, the dummy load is immersed in oil 
and permits a still higher power dissipation. The true output power indica- 
tion is obtained by measuring the actual watts of power being dissipated a9 
heat in a resistor. A more accurate method of measuring heat dissipation 
uses a heat-measuring instrument called a calorimeter. 


Most often, however, a thermocouple-type ammeter is inserted in series 
with the dummy load, as shown. The current indicated on the ammeter a! 
the resistance offered by the load gives us the output power with the formula 
P =I2R, where I is the measured current, and R the resistance of the 102; 
The input-power rating of the final transmitter stage is obtained from thé 
plate voltage (E) and plate current (I) values with the formula P = E х1. 
Knowing both the input and the output powers of a final stage, its efficiency 


may readily be calculated. 
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Tuning Procedure 


Assumin, 

ы £ a correctly operating transmitte th i 

sire pet g smitter, the task of tuning it to the de- 
«ce p eed can be difficult or easy, depending upon the skill of the cH 
voltage Азы circuits are designed for it, it is best to start by removing plate 
fortune Veg. all stages following the oscillator. The procedure generally is 
circu. grid circuit first, then apply plate voltage and tune the plate 


Tunin; Е 
ево g rome output stage is shown. The plate circuit is tuned for a dip at 
nan indicated by a dip in the plate-current meter. Atthe same time 
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неш following stage ів a tuned circuit, it 
en 

Brid-cu нө {ла screen voltages are applied and the plate circuit tuned, the 

Teduced з reading may become slightly lower. If the grid current has 

Should бе a value below that required, the coupling to the preceding stage 

grid drive increased to increase the grid drive. With the correct value of 
Tegon: » and the grid circuit tuned, the plate circuit is then tuned for а dip 

ance. This procedure is followed for all stages except the final. 


When 
shown WIE the power-output stage using à coupling circuit such as that 
hould be tuned 


for m? the following procedure is typical. The grid circuit s 
il of the transmission line is coupled 


age applied, the tank circuit is then 
cy. The tuning capacitor in series with 

te current, in- 
thi p is tuned and drawing more energy 
This p е output-tank circuit. -tank circuit. 
TOCedure is then repeated, the plate-tank capacitor retuned for а dip, 


and th 
Current Pickup-coil tuning capacitor tuned for maximum, 
being weg ng is set to the value recommended for the power-output t 
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Tuning Procedure (Cont'd) 


When tuning an L network such as that shown, the grid circuit, as in other 
circuits, should first be tuned for maximum grid drive. When tuning the out- 
put circuit it is possible to have a shallow plate-current dip, making it diffi- 
cult to find. For a quick approximation the transmission line should if pos- 


Sible be temporarily shorted. With no load the plate-current dip at resonance 
will then be sharp and readily noticed. 


With the short-circuit removed from the transmission line the value of plate 
current should then be noted. If the plate current is less than the recom- 
mended value the tap on the plate coil is moved to decrease the value of in- 
ductance. If the plate-current value noted is too high, the plate-coil taP 
Should be moved to increase the value of inductance. Following any resetting 
of the plate-coil tap, the tuning capacitor should be readjusted for minimum 
plate current, and the grid circuit retuned for maximum grid drive. 


To tune a pi network output the grid circuit is tuned for maximum grid drive. 
C2 is set for maximum capacitance, and the coil is set for maximum induct- 
ance. Cl is then tuned for a dip in plate current. If the plate-current dip is 
so shallow as to be difficult to locate, the tap on the coil should be moved {0 
lower the value of inductance by approximately one third. When the dip i§ 
located, the value of plate current should be noted. ff the plate current i$ 
lower than the recommended value, reduce the capacitance of C2 and retune 
C1. If the recommended value of plate current is reached with C2 very close 


to minimum capacitance, a small amount of inductance should be added bY 
shifting the tap on the plate coil. 


quency may require that the pi network be 
пе by tuning C1 for a plate-current dip. C2 i8 


value of plate current, causing a slight detuning of 


C1. Cl is then retuned for a plate-current dip. 


An L Network Output Circuit 
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The output signal of a transmitter using the various stages 
just described — oscillator, buffer, frequency multipliers 
and power output— would be continuous-wave type-AO trans- 
mission. The output signal radiated from the antenna is 
called a carrier. To have the carrier convey information 
it is alternately turned on and off in the form of dots and 
dashes to transmit code characters. This type of inter- 
A TYPICAL KEY rupted transmission is called telegraphy, or type-A1 emis- 
ability Sion. To achieve telegraphy with a CW transmitter the 
where to quickly and easily turn the carrier on and off must be placed some- 
mitte in its circuitry. The instrument most often used to turn the trans- 
бер Signal on and off is the familiar telegraph key. Pressing the key down 
the a the contacts and turns the carrier on. By releasing the pressure upon 
Ino ey a spring will return it to open, turning the carrier off. This is 
Wn as keying the carrier. 


ie first glance keying a transmitter appears simple, merely turning any stage 
dinate off will cause the carrier to be on or off. Unfortunately it is not this 
e keying the transmitter requires careful thought and attention as to 
апи T should be keyed. In addition, keying a circuit brings with it at- 
Carrj t troubles, A typical example i 
e CT Signal being transmitted when 
Zero Correct carrier signal is one that is fully on 
Com ад the key is up. Backwave caused by n 
for Dletely off when the key is up will cause difficult and unp 
€ receiving operator. When the carrier signal is turned on 


s a backwave. This consists of some 
the transmitter output should be zero. 
when the key is down, and 
ot having the transmitter 
leasant reception 
and off too 


KEYING TURNS the CARRIER WAVE ON and OFF 


\ 


Radiated signal 23И No signal 
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TRANSMITTER 


KEY OPEN 


KEY CLOSED 


^ : 
eni не rapid change in power level produces sideband which, pre hie 

ider | i r the rise an of the car 
» Called key clicks. The sharpe increasing their amplitude and 


Sr the sidebands causing the key clicks, peer 


Bossip) j PE 

У int i i - ignals. When the stage that 15 = 

ам Et m PY ihe oscillator, there is the possibility ofa 
м keying produces 2 chirp 


illat 

Shift į or, or a stage close 

nire ift i caused by 

hi quency, frequency р 

been the key паа р аг chirp when released. A лаш T 

со; illator frequency of only 25 hertz will cause sufficient chirp] o T 

in tpe ing the Signal t pes A chirp of 200 hertz is enough to m: 
*tremely difficult. 
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Keying (Cont'd) 


The most frequent cause of backwave is keying in such a manner that the grid 
bias is not reduced beyond cutoff, permitting r-f energy to leak through and 
be amplified in succeeding stages. To eliminate this it is possible to key the 
oscillator stage directly. This, however, may result in chirping. Another 
method of combating backwave is to key the cathode circuit. The up or open 
key position opens both the plate circuit and grid return, blocking the grid 
and providing no plate current. Hence, no r-f signal is passed to the suc- 
ceeding stage. Another possible cause of backwave is the keying of a circuit 
following the oscillator. This permits the oscillator to run continuously. 

energy from the continuous-running oscillator leaks through to the antenna, 9 


backwave may be generated. Careful shielding of the oscillator stage pre- 
vents this. 


In low-power stages the voltage developed across the key may be safe; in 
high-power stages dangerous. To remove this danger an electronic switch 
can be substituted for the key, with the key controlling the switch. The cir- 
cuit here shows vacuum-tube keying using a vacuum tube as an electronic 
switch. With the key in the up position the bias to the grid of the keyer tube 
keeps it cut off. The high-resistance open-keyer tube isolates the cathode of 


|. for SAFETY and KEYING from a DISTANCE 
Key ; R 7 | |= 
Т 14+ J 


2 h 74 ‘olenold 
- |= = = = des 


the tube used in the transmitter Stage. With the key down the bias to the g" id 
of the keyer is removed; the bias voltage is developed across resistor R- 
With no bias the keyer tube conducts heavily, providing low plate resistance 
that essentially places the cathode of the tube used in the transmitter stage ?' 
ground potential. The value of plate resistance of the keyer tube acts tO 
place the plate of the keyer tube and the cathode of the transmitter tube at? 


slight positive potential; thus the keyer tube also acts as a cathode-biaS 
resistor. 


USING a KEYER TUBE 7 USING a KEYING RELAY for SAFETY 


Cy 
e 


Contacts 
Armature 


A method of keying any circuit where unsafe voltages may be present, 18 that 
of using a keying relay. When the key is closed the solenoid is energized 
pulling the armature to it, closing the relay. Opening the key releases the 
armature and the contacts to open the circuit, A keying relay is quite useful 
for keying at long distances from the transmitter. The voltage used to ener” 
gize the solenoid can be run for long distances in place of the cathode circuit 
or other circuit being keyed. 
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Keying (Cont'd) 


Eliminati є 

tween eges eee requires a circuit that will cause a small time lag be- 

GT OR. pa de tid e key is opened or closed, and the keyed circuit turned off 

the circutb t aya key-click filters are placed between the telegraph key and 

ів Shown, with a A typical key-click filter which provides a time lag 

keyed bis е кеу closed the inductance in series with the circuit being 
` es a lag in current flow by its reactance. This causes the keyed 


B 
базы KEY-CLICK FILTER i KEYING BY CONTROL OF 
key ке, не lag Бебе ie GRID EXCITATION 
opened or closed and the (Blocked-Grid Keying) 


keyed circuit turned on or off 


RFC BER BIAS 


Circuit t 

o 

c be turned on gradually. When the key is opened, the charge across 
from being 


Tiefly cont 
Ned off too AM current flow, keeping the keyed circuit 


Another t 
g at the contacts of the key. To 


Уре of key click is caused by агсіп 
laced close to the key. 


Temoy, 
е 
these, a filter such as that shown is p. 


The 
Questi 
e s T d which stage or stages to key in a transmitter is an important 
H ned, caus e oscillator stage, or too close to it, can, as previously men- 
OWever ЕЕ chirping. If the oscillator circuit is stable, it can be keyed. 
: a difficulty caused by keying the oscillator will be magnified bY 
Pr m4 amplifier and frequency-multiplier stages. Occasionally the 
the ously as ying is eased by keying more than one stage, ог using the 
AID are y entioned keyer circuits. To enable clean keying of any stage 
Ties: the ious basic circuits. These circuits fall into two main cate- 
€ first type controls the excitation, the second controls the voltage 
ircui i excitation 18 
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Keying (Cont'd) 


Keying by controlling voltages to the transmitter stage can be accomplished 
by as many means as there are tube electrodes. In a typical pentode with the 
suppressor grid internally connected to the cathode, keying can be accom- 
plished at the cathode, screen grid, or plate. Cathode keying has been 
previously mentioned. Screen-grid keying can be accomplished to a degree 
by merely keying the screen-grid voltage from its normal value to лего. 
With zero screen voltage, however, there is still ample plate current HON 
ing, providing backwave. To eliminate this backwave it is necessary to no 
only remove the positive screen voltage, but also to apply a negative screen 
grid voltage to halt all plate current flow. A basic screen-grid keying bape 
is shown. With the key up, a negative voltage is applied to the screen grid, 
effectively cutting off all plate-current flow. With the key down, a voltage 18 
applied to the screen grid permitting normal operation of the stage. 


Plate keying is usually done in an early stage of the transmitter where Le 
voltage values are not too high. The keying can take place in either the pos 
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tive line of the circuit or inthe n 


d egative line as shown. Most often itis done i” 
the negative line since this 


Permits one side of the key to be at groun 
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Basic CW Transmitter 


apical basic low-power transmitter such as might be founa ın some ship- 
quite a is shown. The oscillator being crystal-controlled is 
cathod, a le, and is therefore the stage that is keyed. The components in the 
Voltage circuit of the oscillator form a key-click filter. The screen-grid 
plyin, E V1 is developed by taking the B-plus applied to the plate and ap- 
Mon it to a voltage divider. The output of the crystal oscillator is capaci- 

Oupled to the grid of V2 which can be used as either a buffer or fre- 


ZS. CW TRANSMITTER 


BUFFER OR 
OSCILLATOR FREQUENCY DOUBLER POWER OUTPUT 


erated as a buffer with the output 


Que; 
тесу doubler, Being a triode, when oP 
Y f alization is necessary. The 


че 
Powerco, the same as the input frequency, neutr: 
M Put stage is also neutralized. 
tern i. 
Plate d кы accomplished with a single meter 8 
С Screen-grid current, buffer-grid curre i uri 
Curren id Current and the final plate current. The oscillator scree 
ng s i ally about 2 or 3 ma, it does not і 
r mall in value, usually i ms m 
ading of a plate-current dip in the oscillator plate-tank 


witched in to read овеША+ 
nt, buffer-plate current, the 
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Class-C amplifiers are used to amplify the output. of the oscillator because er 
their efficiency. If triode tubes are used, they must be neutralized to 
prevent undesirable self-oscillation. P 

Buffers are used to prevent a power stage from loading down the stages pre à 
ceding it. For example, a buffer is inserted between an oscillator ап 
a power amplifier to prevent the power stage from changing the operating 
frequency of the oscillator. 4 

A frequency multiplier is used to raise the output frequency of a crystal A 
cillator. It operates at some multiple of the oscillator frequency. It са 
be a frequency doubler, tripler, or quadrupler. n 

Power amplifiers are used in the output stages of transmitters to strengthe 
the modulated carrier for transmission. Usually, they are operate 
Class-C. Class-B can also be used in single-ended operation. hus 

A Class-C amplifier operates with its grid-bias several times cutoff, ї 
plate current flows for less than 180° of the input cycle. E 

When the grid circuit of an amplifier draws current, the power must be SUP 
plied by the previous stage. | 

The power required by the grid circuit of a tube is called the grid drive. jed 

The cancellation of feedback voltage from the plate to grid of a tube is cal 
neutralization. her 

The maximum amount of r-f energy is transferred from one stage to anot * 
when the interstage-coupling system includes a tuned circuit which ас 


l 
cepts r-f oscillations at the desired frequencies, and rejects r-f at 
other frequencies. 


Frequency multipliers are usually r-f amplifiers with input and output cir- 
cuits tuned to different fre 


quencies harmonically related to each oer 
The output circuit of the power amplifier must be properly matched to the і 
put impedance of the transmission line. nt 
The operation of a Class-C amplifier depends upon the angle of plate-curre 


flow which in turn depends on the grid bias and the amplitude of the grid- 
driving voltage. 


Keying circuits provide a means 


ission 
of periodically interrupting the transmiss!© 
of r-f energy. 


REVIEW QUESTIONS 


1. What is meant by Class-C amplification? 

2. Explain the term "grid drive." 

3. What is the function of a buffer stage? 

4. Explain briefly the operation of a frequency doubler. 

5. Explain the need of neutralization. d 

6 M is the advantage of a push-pull power amplifier over а single-€” 
type 


7. What is the function of a power-amplifier output-coupling network? 
8. What are parasitic oscillations? 

9. What is meant by keying? 

10. Explain the operation of grid-bias keying. 

11. What is link coupling? 


12. What is cross neutralization? 
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AM ; 
Transmission 


RF and AF COMBINED 
IN LINEAR. CIRCUIT 


RF and AF COMBINED 
IN NONLINEAR CIRCUIT 


Modulation 
envelope 


ү WAVEFORM 
ITH В.Е VARIATIONS — AMPLITUDE-MODULATED R-F 


"to vary in tone, inflection, 
ission we modulate or vary 
-f signal broadcast from a 
" some form of intel- 


The w 
: ога 
Pitch modulate as defi а Y 
or 1 lefined by a dictionary 15 
the rig ere quality of sound." In radio transm 
г. The unmodulated carrier is the T 


Tansmi 
; mitter " 
- It is called a carrier because it "carries 


ligen, 

Bence, To 

Е to modulate the speech (or music) superimposed on the r-f carrier signal 

er: p 2e the signal. There аге seyeral methods of modulating the саг- 
st, is that of varying 


; the 
most popular, and the one we Wi 
ion, abbreviated as 


e ampli 
Plitu 
"i The e the carrier. This is amplitude modulat 
е igence with which we will modulate the carrier will be an a-f 
cies are far more complex, but 


Am Wave, 
ee wave ois speech and music frequen 
Sign, C used by nite a ready explanation of modulation whi 
fom hey are omplex waveforms. To combine the carrier 
ant point i mixed together in special circuits discussed later. 
oint is that the mixing can not be done with a linear device such as à 


resist: 
ance. When both the carrier and audio signals are applied toa 
al vary about the audio. 


eres: 
T sista: 
uS audio ee they combine to have the carrier sign 
Up and d s not change the carrier amplitude; it merely swings the car- 
lown at the audio rate. 
{ be сош- 


oh; 
ъъ Ve th . 
Aud] in rar" signal vary the amplitude of the carrier, both mus 
пано Signal dire, mixing circuit. The result is а combination in whic! 
the 9n of the rectly varies the amplitude of the carrier. The positive alter- 
negat Чет; andio signal adds to both the positive and negative alternations © 
oue de negative alternation subtracts from both the positive 
audio. S of fhe оп of the carrier. This results in the carrier 
Placi Signal e audio signal. The upper outline is а r 
Up mae а аа, The lower outline is also 2 duplicate, but 180° out o p 

ore enn ed outline (called the envelope) on the modulated carrier 

ly the outline of the audio signal. 
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AM Transmission (Cont'd) 


The carrier amplitude is important; but more 80, is the audio signal's am- 
plitude compared to the carrier's amplitude. The amount or degree of modu- 
lation with which the audio modulates the carrier is rated in percent. 


In A, we show an unmodulated carrier with a peak amplitude level of + 10 
volts. In B, we have a modulating audio Signal of + 5 volts peak, C shows 
the resulting modulated carrier. Notice that where the +5-volt alternations 
modulate the carrier, the carrier increases in the same amount in both the 
positive and negative directions; Similarly, where the -5-volt audio jum 
tions modulate the carrier, the carrier decreases in the same amount in bot! d 
directions. As a net result, the positive and negative peaks of the modulate 

carrier increase and decrease in value by 5095, or one-half of its normal 
value. Hence, C shows a 50% modulated-carrier Signal. We now increase 


the audio signal to + 10 volts, as shown in D. The modulated carrier i8 
Shown in E. Notice that the carrier's 


amplitude is doubled on the audio's 
positive peaks, and reduced to zero at th 


е audio's negative peaks. Hence the 
modulated carrier increases and decreases in 


fore, the carrier is said to be 100% modulated. 


value by a full 100%. There- 
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MODULATION PERCENTAGE VARIES WITH 
STRENGTH OF AUDIO SIGNAL 
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Р 
ercentage of Modulation 


The de 
gree of modulation i 
m: f ation in an AM wave is € 
aximum de xpressed by the percentage of 
of such Е sation from the normal amplitude of the r-f кш d pen 
e d , as measured by receiver res i i 
egree, or percentage, of modulation. DIC 


The per, 
Ci P 
entage of modulation may be determined by the equation: 


e -е_. 
Percentage of modulation = mex ma x 100 
o 


Where ©. 
; max 2 
minimum тА maximum instantaneous value of the r-f voltage, етіп the 
eous value of aneous value of the r-f voltage, and e, the maximum instan- 
the r-f voltage in the absence of modulation. 


much as possible, because the 
s with the amplitude variations 
-powered, but well-modu- 


tisi 
output af ant that the amplitude be varied as 
Of the гесе кереда in a radio receiver varie 
Б бено signal. Thus а comparatively low 
дшшен higher er often produces a stronger signal at a given point than does 
à Stance fim the eek but poorly modulated, transmitter located the same 
g the audi e receiver. If modulation exceeds 100% there is an interval 
о cycle when the carrier is removed completely from the air. 
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Sidebands 


When an r-f carrier is modulated by a single audio note, two additional fre- 
quencies are produced. One is the upper frequency, which equals the sum © 
the frequency of the r-f carrier and the frequency of the audio note. The 
other frequency is the lower one, which equals the difference between the fre- 
quency of the r-f carrier and the audio note. The one higher than the carrier 
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Power Distribution in an AM Wave 


POWER DISTRIBUTION in an AM WAVE 


12.5 watts 
m? 
Upper Sideband Puad = ( * =) * P car 
Modulated ... 50 watts 
Signal 
75 à P mod is the total power 
SII Gf “in the modulated wave 
100% m is the degree of modulation 
modulation Carrier P car is the power in the carrier 
12.5 watts 12 
Ра ~ (1+ £) x 507 


Lower Sideband 


ave is divided between the carrier 


an 
? pt in cases of over- 


And th i rier 

i k e total power in the modulated wave. When a ie er e 

Power 4 Shown. Assuming that a 50-watt carrier is modulated 100%, the 
їп the carrier and 

times f sideband power, 25/15 

Watts j s of sideband power, there аге y f 


the flat each sideband, and the power C 


T 

vailabl when the average percent- 
age e sideband power takes a marked drop whe: T 
rier opt Odulation is well below 100%. This is shown by modulating the car 
Y 50%, when the power in the carrier is 50 watts. 


D 
Th P moa -[1 «235 x 50 = 56.25 watts 
е 


total 
aor modul 56.25 
are Qo only 6.25 a power remain in the sidebands. Since 
ducis S fourth the value obtainable with 100% modulation, we Ms E 
Power е modulation to 50% causes а 75% reduction in the availal АТ. ue 
bang," Since all the intelligence bein, nonis 

» the desirability of a high perc 


exist inthe 
6.25 watts 
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The Basic Amplitude-Modulated Transmitter 


Referring to our diagram, we see thata feeble voice signal entering a micro- 
phone is amplified by several a-f speech amplifiers and also by the a-f modu- 
lator. The r-f oscillator produces the r-f carrier wave which is amplified by 
the r-f buffer amplifiers. The outputs of the a-f modulator and r-f buffer 


amplifiers are mixed in the final r-f amplifier to produce the modulated car- 
rier wave. 


Essentially, the r-f section of an amplitude-modulated transmitter consists 
of an r-f oscillator and several r-f amplifiers. In many cases, buffer am- 
plifiers are used between the oscillator and the r-f amplifiers. As mentioned; 
buffer amplifiers isolate the oscillator from the following stages to minimize 
changes in oscillator frequency with changes in loading. Frequency multi- 


pliers are used to raise the oscillator frequency of the transmitter to the 
desired carrier frequency. 


а It is desirable to have the oscillator operate at ® 
comparatively low frequency for reasons of stability. Intermediate г- 2^ 
plifiers may be used to increase the driving power of the final r-f amplifier: 
The stage that the modulator feeds is known as the modulated r-f amplifier. 
modulated r-f amplifie! 


ially an audio amplifier, The speech any 
» with the modulator being basically a powes 
ivers the required amount of undistorted aud 
It may be operated Class-AB, 0 


Class-B. To avoid distor! classes of operation, a push-pull 


stage must be used, 


tion under thes: 


FINAL R-F 
AMPLIFIER 


MIGROPHONE 


circuits 
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Modulation Levels 


aie devel modulation the modulating voltage is applied tothe final r-f am- 
they m he stages preceding it need not be perfectly linear. Therefore 
sired xd be operated Class-C with operating potentials adjusted for the de- 
Я н efficiency and gain. The final stage is always operated Class- 
high-ley overal efficiency of such a transmitter is high. .A disadvantage of 
Several е1 modulation is that comparatively high audio power is needed, and 
stages of voltage and power amplification may be required in the 


S ж 
Peech amplifier and modulator circuits, 


In low. 

powe evel modulation, modulation takes place in a buffer or intermediate 

the font puer stage, and modulating voltage is applied toa stage preceding 
amplifier. The r-f amplifiers which follow the modulated stage 
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ical go’ level modulated transmitter using the same type 0 
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Heising Modulation 
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Transformer Coupling (Plate Modulation) 


BASIC PLATE MODULATION CIRCUIT 
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cuit modulation using trans- 
is coupled through the second 


The modulator output 
ries with the 
Plate circuit of the r-f amplifier. T) 
ondary is in series with the r-f amplifier d-c plate voltage. 


audio signal adds to or subtracts from tl 


the r-f amplifier. СІ is a bypass capacito 
path to ground for any r-f, and a high reactance to a-f. 


Therefore, the 
thus modulating 


Т1 requires special design. The primary must match the modulator gus 
impedance. The secondary impedance must permit a voliage swing p = 
Provide 100% modulation. The transformer action permits 100% modulation 
Without a voltage-dropping resistor such as is used in Heising modulation. 
Transformer coupling also lends itself to the use of high-efficiency circuits 
of Class-AB and -B modulators. When a tetrode or a pentode is used as an 
r-f amplifier, the screen grid acts ав the main attraction for the electron 
stream, the plate being merely the collector of electrons. Since modulation 
of the plate only would be ineffective, the screen grid and the plate circuit 
are modulated. The screen receives its d-c voltage through Ri, but the 
Same modulated voltage is applied to the plate as well as to the screen. 


AUDIO INPUT 
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Control-Grid Modulation 


i 8 
i i f modulating system 
€ requirements often dictate the use o: TEM 
ho ee Goss азо than is used in plate A Es кеа с ib 
200-watt. transmitter requires a =" 1 grid 
Ide 0e dulating the r-f amplifier through the contro d 
10075 modulation. By modu ing ў eee iere Ki 
i ch less audio power is required; the resu i 
SM. which is of great advantage in aircraft and mobile applications. 


-f amplifier circuit shown, the audio шой) 
in series with the control-grid bias е 
The modulating signal thus adds or subtracts from the grid-bias vo Jator 
Distortion is keptto a minimum by keeping the load imposed on the modula 
as steady as possible, Therefo: 


е 
re, the modulator is often designed to provid 
sary. The excess 

Placed across the mo i 


power is dissipated in resistor E. 
transformer Primary. At the same time, 12 
constant modulator load. An r-f choke and a bypass pa on 
; Prevent the r-f from reaching the modulator circuit, СІ is carefu 
chosen to bypass the r-f 


dance to the modulating a-f. 
Only a small amo 
Grid modulation, 
output, and there i 
output of the modulator ca; 
negative grid bias 


CONTROL GRID (GRID BIAS) MODULATION 
Comparatively little Audio Power j 


S Required for Modulation 
R-F AMPLIFIER 
to antenna 


5 
Br ( 


Ў | «= Audio voltage їз in series 
with grid bias line 
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i 
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Control-Grid Modulation (Cont'd) 


In the control-grid modulated r-f amplifier, the control-grid d-c bias is 
Healy adjusted so that the peaks of the carrier do not extend past the 
Rais portion of the grid voltage — plate current curve, аз shown. Unless 

е tube is operated on the linear portion of the curve, distortion results. 
The modulating signal superimposed upon the carrier is limited to a value 
im causes the carrier signal peaks to go no lower than cutoff, and no 
à gher than saturation. Since the d-c grid bias is limited, the r-f amplifier 
he not operate at peak efficiency. With no modulating signal applied, the 
plate current pulses are only one-half the maximum power available. Asa 
esult, the plate efficiency equals approximately 30%. When the modulating 


Signal is applied, ав shown, at the maximum positive peak, the platescurrent 


; , “ЧЩ 
GRID-BIAS Жз 
MODULATION Ji An 


| Biasing the R-F Amplifier 


saturation 


FLYWHEEL 


v 
No higher ENT 


than. saturation 


No lower than cutoff 


| 
Modulating the Bias 


Pulses, for an instant, provide an efficiency of 75%. Hence, the plate ef- 
ficiency of a grid-modulated stage varies from 30% (no modulation) to 15% (at 
100% modulation). The increased efficiency provides the power in the side- 
bands. The required modulator power is very small; usually a voltage- 
amplifier stage is sufficient. Should the r-f amplifier draw a grid current, 
the power required of the modulator is still small. For example, а 1000- 


Watt r-f amplifier can be modulated with 25 watts of audio power. 
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Screen-Grid Modulation 


SCREEN-GRID MODULATION 


(Audio-signal voltage is superimposed on screen-grid voltage) 


R-F AMPLIFIER 


MODULATED 
OUTPUT 


BIAS MODULATOR 


AUDIO HIGH 
INPUT VOLTAGE 

3| Audio signal in 
Ay- series with 


+ Streen-grid voltage 


SCREEN 
VOLTAGE 


Screen-grid m 
lating voltage 


ven to а negative value to obt2 ss 

is circuit, the a-f power required {0 

cw conditions. The peak acne, (oU the power input ra the Setai ande) 

aa Voltage is a the O7 

Screen voltage which is adjusted to one-half the гаете саш operation 
Screen-grid Protection is Obtaineq 

constant screen-grid voltag ed with a Clamp tube whi 


е. 


е audio si ch maintains a neat” 
modulates the screen-grid voltage, "dio signal appli 


е 
ed to the clamp tub 


THE AM TRANSMITTER 6-81 


Modulation Checking 


R-F AMPLIFIER OSCILLOSCOPE Setup for 


MODULATED 


OUTPUT mm 
to antenna obtaining 


MODULATOR 


B+ HIGH 


VOLTAGE 


100 % Less than 100% 


N 
o RF Overmodulation 


No AF RF only Modulation Modulation 
A B с р Е 


a oscilloscope can be used to present a visual picture of the modulated 
quater output. To obtain the popularly used "trapezoidal" pattern, the 
К rtical plates of the oscilloscope are coupled to the output-tank circuit, and 

е horizontal plates are capacitively coupled to the modulating signal source, 
using a voltage divider, for adjusting the size of the display pattern. The in- 
Put circuit [о the vertical plates of the scope is tuned to eliminate unwanted 


armonics. 


nd modulation, the undeflected spot appears 


aoe center of the screen (A). When excitation is applied, the spot swings 
a Ses and downward in step with the carrier-voltage variations, producing 
Варе line on the scope screen (В). The length of the line represents the 
trape O-peak amplitude of the carrier. When modulation is applied, the 
rect] zoid pattern (C) is produced. This represents 100% modulation ofa сог- 
Dance, adjusted transmitter. Diagrams (D) and (E) show a lower modulation 
lateq ntage, and overmodulation, respectively. When the carrier is Е 
Carri 100%, the wide end of the pattern will be just twice the height of 
rier amplitude line of (B), while the narrow end will come to a point (С). 


In 
the absence of both excitation a 
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Microphones — Carbon and Crystal 


The function ofa microphone is to convert the variations in air pressure pro- 


duced by the human voice or a musical instrument into an electrical voltage 
or current of the same frequency and corresponding amplitude. Microphones 
are rated in terms of frequency response, sensitivity, directivity, and im- 
pedance. А good broadcast-type microphone should have a frequency response 
of from 30 to 10,000 hertz, or higher. 


For general communications work, 
a frequency response of 75 to 4500 hertz would prove satisfactory. 


A popular microphone, especially for mobile use, is the carbon type. Sound 
waves striking the diap 
the button, and thus va 


: rbon granules. This varies 
the d-c resistance of 


the carbon-granule pile. Since the granules are in 
mary of a microphone transformer, the 


gud MICROPHONE "m 


p---, DIAPHRAGM 


PULSATING DC 


AC 


CARBON 
| A MICROPHONE 
| (Low Impedance) 


OUTPUT 


CRYSTAL 
AND CERAMIC 


Voltage is MICROPHONE 
SW A-F generated when ы 
Й OUTPUT y mechanical (High Impedance) 
JA stress is applied 


to crystal 


The resulting i 

the secondary, The Wa 

match the impedance 

ance grid circuit, ic 

resistance may Vary f miss dn adden 
В. 


The crystal microphone u 


Ses q Prope 2. е 
ше таа as the Piezoelectric ¢ сг ee crystals such as Rochelle 
ing from the pressure of the sound w ending of the crystal, regu 
of the crystal. This emf ig ave, produc 


8 
АБ > es an emf across the fact 

crystal (barium titanate) can ae the input of an amplifier, A man-made 
barium titanate is Produced in the es a Piezoelectric microphone. Tbe 
crystal wafer, and is used in ша AG 


eramic wafer similar to th! 
the same manner as the c... ` similar 4 
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Microphones: Dynamic and Ribbon 


дунан, ог moving-coil type microphone consists basically of a coil of 
i wire fastened rigidly to the back of a diaphragm so that it is suspended 
T d field of a strong permanent magnet. When sound waves make the dia- 
M ie vibrate, the coil moves, cutting the magnetic lines of force of the 
niat at the audio rate. This induces in the coil a voltage that is the elec- 
sitive equivalent of the sound waves. The dynamic microphone is very sen- 
Des xi lightweight, and requires no external voltage. It is rugged, and has 
se pane frequency response (a broadcast type may have a response of 
quirin 0 to 15,000 hertz); typical impedances are 50 to 500 ohms, thus re- 
£ an impedance-matching transformer for connection to an amplifier. 


ribbon or velocity microphone is a variation of the dynamic. It hasa 
poles енеш, flexible, corrugated, metallic strip suspended between the 
magneti a permanent magnet. Sound waves make the strip vibrate in the. 
ional t c field. It cuts the lines of force, and voltage is inducedin it propor- 
phone ча frequency and strength of the sound waves. The velocity micro- 
inatin di good frequency response, but responds only to those sounds orig- 

S i irectly in front of it. Since the ribbon resistance is so low (less than 
рота microphone usually has a built-in transformer which raises its 
ean ce to 250-500 ohms. The voltage output is very low, and leads be- 

microphone and amplifier must be shielded to avoid hum pickup. 
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Speech Amplifiers 


The speech amplifier is used in a radiote 
output of a microphone is lower th: 
the modulator stage. Therefore 


lephone transmitter whenever the 

ап the signal voltage necessary to агу 

› the speech amplifier is considered as a 
ee Sper 


“Voltage Amplifier” Portion of Speech Amplifier 


HIGH-GAIN v 


MICROPHONE VOLTAGE PHASE ф 
AMPLIFIER AMPLIFIER INVERTER um 
MICROPHONE OUTPUT ! 
TRANSFORMER m 
1 
21 To 
push-pull 
driver 
MICROPHONE 
OUTPUT 2 


een the microphone 


and the input of the stage 
ually modulates the r-f carrier, 


When a Class-B modulato” 
S. The pow 
is called the driver, аа 


in 
à А ТАВ, or -B. When voltage 84 
is the prime requirement, am lifi | 

of the low distortion, Meg reu 


High volt 
the design of low-level] : каш. with 


The speech amplifier must suppl: 
d-c bias on the grid of the pp ie а, і 
stage, and twice the d- 
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Speech Amplifiers (Cont'd) 


The transistor speech amplifier circuit uses Q1 as an emitter follower per- 
mitting use of a high-impedance microphone input, yet providing a low imped- 
ance output to Q2. 


ir EQUES 
Mies oM 
| TRANSISTOR SPEECH AMPLIFIER CIRCUIT i555 
О Ол ee 
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Modulator Driver 


The relationship between instantaneous grid voltage and grid current in 
Class-B modulators is not linear, and the grids present a varying imped- 
ance to the driver over the a-f cycle. To avoid distortion in the modulator 
caused by the change in grid impedance, the modulator driver must supply 
a constant voltage to the modulator grids, regardless of the change in grid 
impedance. To meet these requirements a driver must have good voltage 


Feedback Network 


Blocking Capacitor 


Driver Input 


Modulator 
Transformer 


Driver 


A-F Speech 
Amplifier 


To Push-Pull 
Modulator 


regulation. This і 
stage. In turn, thi 
value of plate impe 
best for this dition. Pen- 
todes and tetrodes can be used ig Suffici ic poneition. - 
© plate impedance, Cent Inverse feedback ів usedito-Jow 


To obtain maximum powe 


Е T transfer from dri t ust 
match the higher driver plate im ver to modulator, we m 
put impedance, This is done by о за relatively low modulator in- 


grids, is Comparatively M V high-mu triodes are used as Class-B mod- 

$ very li 
their grids. This reduces the variation in ie e de VOEE ои 
and gives the driver a more constant i 


thus reduced. Tubes Operated in this pedance 


load. Distortion 18 
Way are often са] T 


led zero bias tubes. 
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Modulator Driver (Cont'd) 


The transistorized modulator driver continuesfrom the transistorized speech 
amplifier shown onthe preceding page. The use of direct coupling between the 
driver transistors and the power output transistors removes the need for an 
interstage audio transformer. 


р 


TRANSISTOR MODULATOR DRIVER CIRCUIT Ss 
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Modulator Stages 


To obtain sufficient power from a modulator stage, Class-B operated push- 
pull amplifiers are most commonly used. Class-AB and -AB2 circuitsare 
also found. The tubes in the modulator circuits are often of the same type as 
those used for r-f power-amplifier stages. The amount of audio power re- 
quired determines the selection of a tube type for a specific application. 


Plate modulation requires the modulatin, 
one-half the r-f amplifier power. Th 
loss due to the coupling transformer, 


Б power to be somewhat higher than 
e additional power covers any possible 
and readily permits 100% modulation. 


Basic Circuit Using Zero-Bias Po wer-Amplifier ® 
2 exse Triodes ESENS 
( TRANSFORMER PARARE 


бои) 9 c TOS: 
g Circuit Using Beam-Power Tubes wsswpescsonsens 
“Connected as Triodes | 


Triode connection 
fusing screen grids 
-— to plates 


qu ay | 


The screen ride are connected d Y 
hrough resistors to the со ат y 


Special power-amplifj 
grid bias. Then the 
as cut off, Specially 
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Modulator Stages (Cont'd) 


wer tetrodes, small 


In the modulator circuit shown which uses a pair of po 
r-f chokes are con- 


E are connected in series with the screen grids; 
Modulates the control grids to avoid parasitic oscillations. Inthe low-power 
The m ar circuit a voltage amplifier feeds a pair of beam-power pentodes. 
ре ulation transformer is designed to match the plate-to-plate load 
the ee of the modulator tubes in the primary, and the load impedance of 
mers amplifier stage in the secondary. Commercial modulation transfor- 
usual p available to match most of the popular tube combinations. For un- 
taps ube combinations special transformers (universal) with numerous 
on both the primary and secondary permit impedance matching. 


As an important special precaution, the modulation transformer secondary 
rrect wattage and resist- 


тец always be under load. A dummy load of co 

tect la 5 sufficient for the r-f amplifier to be operating and drawing the cor- 

Чоп les of plate current. When no load is connected across the modula- 

Valu ransformer secondary, the primary impedance rises to a very high 

whi е, and develops unusually large audio-signal voltages across the primary 
ch may break down the transformer insulation, causing a short-circuit. 


MODULATOR CIRCUIT USING POWER TETRODES 


MODULATOR 
STAGES 


grid,and r-f chokes connected to the : 
SCREEN HIGH 
Control grid, avoid parasitic oscillations Куу VOLTAGE 


MODULATOR CIRCUIT USING To; | 


BEAM-POWER TUBES MODULATOR | MODULATION 
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= Ё OUTPUT 
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(100 WATTS) 
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Speech Clipping and Limiting 


CEE 


И: CH CLIPPI 


NORMAL зь, 
| SPEECH — "LT 


sees 
SPEECH. CLIPPING and FILTERING 


Voltage 
5 Amplifier ( Low. To amplifler 
үй = V4 on Pase or modulator 
Amplifier driver 


ol 


» We may clip a peak-to- 
The clipped 2-volt signal can 


i : is connected t 
audio signal. The b а © conduct on t; е 
the positive half of us йр ш the cathode of y2 ee ate, 
conduct on the negative half of tha Clipped ог "clamped." үз is connected to 


negativ: i * The bias late 
"ve half of the fies ыр the desireg feel The clipped 
level amplifier circuits, to an L-c low-pass filter, and 


| 
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Speech Clipping and Limiting (Cont'd) 


TI А n 

Ra ee speech clipper circuit shown utilizes two "back-to-back" 

bination bi e gain of Q1 is varied by R2 to set the clipping level. The com- 

gain of ире voltage divider resistor and feedback resistor R1, reduces the 

tion. Th m amplifier but provides helpful degeneration to reduce distor- 

level Wh e back-to-back diodes limit the signal to approximately a 1/2 volt 
ich is then applied via the gain control to be amplified and applied as 


an output by Q2. 


A TRANSISTOR SPEECH CLIPPER CIRCUIT 


INPUT o—] 


1: 


Automatic Limit Control (ALC) 


Clippi 
ipping the speech waveform creates а "flat top" signal that is similar toa 


Si 
quare wave. A square wave modulating a SSB transmitter creates undesir- 
t signal that provides distortion, thus 


gen ercome this, SSB transmitters 
erally use a form of speech control called ALC, Automatic Limit (or Load, 

a portion of the r-f signal, 
s rectified 


id amplifier is the one that accepts the si 
lige sien шера. Keeping the тіс: 
come ase a continually strong audio signal. Should the 5) 
fier t оо high the increased control voltage will reduce the gain of t 
© maintain an undistorted near-constant output level. 
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Basic CW-AM Transmitter 


The transmitter shown uses a self-excited osc 
the oscillator-tank circuit. Plate section A of 
ment, through C2, to ground and the centerta 


ilator with L1-C1 making up 
L1 is between plate and fila- 


ey is closed. Oscillation in V2 is prevented 


-phase voltages on grid. When the code key is 


open, negative voltage across R4 cuts off V2. ҮЗ is the driver for class-B 
modulators V4 and V5, 


These stages are biased by the voltage developed by 
grid current flow in V2. R-f transformer Т1 isthe r-f modulated amplifier- 
tank coil and a coupling coil 


which goes to the antenna. Coupling is variable 
for correct load matching between amplifier and antenna. 


ч 


u Neutralizing Capacitor RRS 
S R-F Amplifier 


applied to V2 V? 
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Hartley Oscillator 


S| RFCS keeps r-f 
out of power supply 
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Speech amplifiers are usually operated Class-A to keep distortion at a minie 
mum. High voltage gain, low circuit noise, and low hum pickup ar 
desirable. о: ow) 

Three principal types of microphones are used with speech атри; me 
carbon, the crystal, and the magnetic. The carbon истор ae ч 
highest output and the lowest fidelity; the magnetic has the lowest ou р 
and the highest fidelity. ; 1 

The modulator builds up the audio signal and modulates the r-f carrier via 
its output. It is usually operated Class-B for relatively high power an 
fidelity. : 

If the audio-signal output of the modulator is injected into the final powe ARS 
plifier, the process is called high-level modulation. If it is injecte ES 
Some preceding stage, the process is called low-level modulations | 2 
audio signal can be injected at any grid, or at the plate of the modulati 
Stage, | 

amplitude modulation, intelligence is super imposed on the carrier xe 
causing the amplitude of the carrier to vary in accordance wl 
modulating signal. ^ 

The percentage of incdnatiuh is a measure of the depth or degree pA 
tion of a carrier wave. It is dependent upon esae A them 
lation envelope as compared with the amplitude of the carrier. 

If the amplitude of the modulation envelope is twice as great as Ms 
Of the carrier, then the modulated wave formed is said to be full, 
100% modulated. 4] 4 í 

en an r-f carrier is modulated, sidebands are produced on either side о 
the carrier frequency. А 1 

Sidebands are Gand ta АРА to the carrier, plus or minus the modulating 

frequency. - 

е power in an amplitude-modulating wave 1 

and the sidebands. , M 

Plate modulation is most commonly used for high-level angle prse. 
Plate modulation the modulating voltage is impressed on the 

voltage of one of the r-f amplifiers of the transmitter. ae 

4 Speech amplifier is needed ina radiotelephone transmitter ipee en re 
Output of the microphone is lower than the signal voltage req 
drive the modulator tube. 


s divided between the carrier 


REVIEW QUESTIONS 


What is meant by amplitude modulation? 
What is meant by percentage of modulation? 
et function do sidebands serve? 
Plain Heising modulation. i 
hat is meant by high-and low-level modulation? 
Explain control-grid modulation. 1 
Describe the operation of a carbon microphone. 
escribe the operation of a dynamic тісгор hone: ? 
at circuits are included in the speech ampin 
hat is the function of the modulator drive Seni stage? 
at class of operation can be used in the modu а “a : 
Describe a simple test procedure checking modulation. 


а а 
обоо те о сон 
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Direct FM 


The two most popular methods of developing an FM signal are by the direct 
and indirect methods. Inthe direct method an oscillator is modulated directly 
by the audio signal. In the indirect method, phase modulation is used to gis 
the carrier to create an FM signal. The simplest method of producing an Е Р 
signal is to have the modulating signal vary the value of Lor C in an озер 

tor, causing the frequency to vary. This basic concept is illustrated by 


VOLTAGE OF AMPLIFIER 
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е Oscillator. ые placed directly across the tuning capacitor gi 
and C in the tank circuit. When iequency is determined by the total 
Citance wil) 


microphone, the capa. 
the sound са 

acit; 
means a higher freque; е sie MEA 


for eu E EM Involves the use of a tube to vary the pi 
pure inductance Е leads 1 rai her than the microphone, We know that in 


> Voltage 1 i tage by 90) 
having plate volt B: ead grid voltag 


T ve it 
tor voltage is then applied to ihe 3 


by 180°. Note that the 


hown vectorially, А signal WU 

ag its current by 90°. The capac 

Plate signa] 101081, with the tube inverting the sig? 
gnal leads the signal current by 90°. 
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Direct FM (Cont'd) 


Tn the b 

С1, Des by dece ae circuit the oscillator tank is paralleled by R1 and 
GERI fs much үш voltage across these components. The resistance 
acts as a m iced than the reactance of Cl. Therefore, the RI-CI circuit 
of the tank ci ance, and the current flowing in it is in phase with the voltage 
90°. The з: The signal voltage across C1 lags the signal current by 
Plate 189° ee amplifies the capacitor-signal voltage. This appears at the 
ahead of the E phase with the grid voltage, and places the plate voltage 90° 
is coupled Бас oem current flowing through R1-C1. The plate-voltage signal 
tor that couple о the tank circuit by C2, a high-value low-reactance capaci- 
Circuit, The s the output signal and isolates the plate voltage from the tank 
Parallel indu net result is to have V1 act as though it were an additional 

ctance across the tank circuit inductance. 


To put 

1 the 

is used, ue tube to work as a modulator, a pentagrid converter tube 

causing the tub ank-circuit signal is applied to grid 1 with R1, C1, and C2, 
e to act asa reactance. The modulating audio signal is applied 


o gri 
id 3 to modulate the reactance tube. 


signal determine to what 
These variations in turn 
cy accordingly. The fre- 


The vari 
r i 
lations plate current caused by the audio 


egree t 
Cau he reactance tube will act as an inductor. 


R 
езин of Placing 


а 
Reactance Tube 
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Indirect FM 


trolled. This presents a problem in maintaining high- 


nc 
control. The indirect metho acounaey frequenc 


5 а crystal-controlled 
ler output is phase modulated to produce FM. 


Saat nen ° phase shift. A sine-wave input signal 
plitude is applied to the input terminals; the out- 
ee иш. һауе {һе Same signal shifted to lead (or lag) by an amount 

у the phase i As shown, the phase shifter is set 
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Th 
e Armstrong Phase-Modulation Circuit 


A cir 

ino To tnn by Armstrong to achieve FM through PM usesthe balanced- 

Sut don e The circuit operates as follows: the output of a crystal os- 

ior both t ж ied to the control grids of V1 and V2 in phase. The plate load 
ubes is a centertapped r-f transformer. The plate currents of each 


s 


THE ARMSTRONG PHASE-MODULATION CIRCUIT 


BALANCED MODULATOR 


R-F Input М 


R-F Transformer 


с zc с 


rough the r-f output transformer. 
induced in the secondary. With no 


tul 
be are 180° out of phase, and flow th 
rid has the same volt- 


herefore, they cancel, and no voltage is 


8. 
signal applied to the audio transformer, each screen £ 
Бе; the same current flows in the plate circuit of both tubes. An a-f modu- 


dating signal applied to the audio transformer results in one end of the sec- 
Ly being more, or less positive The resulting unbalance 
вс he secondary causes the screen voltage of one tube to be higher, and the 
a тееп voltage of the other tube to be lower. Consequently the plate current 
One tube increases, and t of the other tube decreases. The plate сиг- 


p oning in the r-f transformer primary are no longer equal but opposite 
se, and a voltage 1g noy Induced In the secondary. 


The 
- Phase-shifting action of the tubes and the rt transformer aude We wt 


tran, 

Sfor 

Cilla Ter output voltage to lead or lag the input voltage of the crystal 08 
оп whether the plate cut 


Pent of Тһе phase 
E shift leads or lags depending чр 
the modi or V2 is increased. The amount of phase shift is determined by 
ting signal amplitude. 
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Phase Modulation (PM) 
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— y 7 MODULATOR 
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V5 phase modulates the Output у 
of both tubes is changing н ios resultant phase- modulated outpu 


Provide an FM Output, 


5 fre- 
quency-multiplier circuits that S e following stages consist of У 
queney and the frequency deviation, yy, Poth the center (zero-signal) fre 
transmitters are closely identic. T 


al with ene А Smitter circuits used for à 

Se o; ncy- 
must use broader tuned circuit ee ишеге. pes 
Since the bandwidth used in FM 


5 that are not too selective 
is wider than that used in AM. А 
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Basics of Single-Sideband Transmission 


Singlo sideband (SSB) isa method of radio transmission in which one sideband 
iuis aS апер аге suppressed; only one intelligence-bearing sideband is 
Ths. sod 3 . Conventional AM signals consist ofa carrier and two sidebands. 
B x ating signal determines the sideband frequency and amplitude. The 
dupli e lower sidebands are mirror images of each other, hence contain 
ins es e information. At the receiver's detector, only one sideband is used; 
eire contains no information. Removing the carrier and one sideband 
miris single sideband, and does not alter the transmitter's intelligence- 
Бапа Е ability because the entire modulating signal is contained in one’ side- 
an ve ei transmitting only a single sideband the power of the transmitter 
ен E and provides increased signal strength. Another way of 
achi g it isto say that a SSB of the same strength as an AM signal can be 
eved with a lower-powered transmitter. 


The SSB signal requires only one half of the r-f spectrum space taken by an 
em e pal, This relieves crowded r-f spectrum space, thus permitting more 
His © stations to go on the air. Since selective fading affects the sidebands 

an AM signal, with only one sideband transmitted, intelligibility may be 


reduced. The stability requirements of a SSB transmitter are high. Inan 
receiver the sidebands and the carrier are received together with no 
eceiver a carrier must be provided 


pisse or frequency difference. Ina SSB r 
eH detection. A transmitter frequency shiftis quickly noticed in the received 
gnal. The SSB receiver too, must havea high order of stability, and include 


especially designed detector circuits. 


SINGLE SIDEBAND | – Saves Spectrum Space 


CARRIER 40-DB NO One sideband 
suppression | CARRIER 
nln Te | т — 
m rg 
sideboard ы 
ui SINGLE SIDEBAND SIGNAL 


CONVENTIONAL AM SIGNAL 


B м 
(Both sides "say" the same thing) 


‚06% MODULATION 
"ler power: 1000 watts 


Total s 
al sideband power: 500 watts ONLY 500 watts of SSB 


POWER gives the SAME 


Average SIDEBAND POWER 


Power output: H500- wans 


Peg 
k power = 4 times carrier power 
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Carrier Suppression by Balanced Modulators 


TR 
7a CARRIER SUPPRESSI 


ON by BALANCED MODULATORS ee 


AUDIO INPUT + 
TRANSFORMER 0-44, 9 


IX 


Applies OPPOSITE 


polarity to Applies SAME polarity to UE 
i both grids t both eis j | 
7 Upper and lowe 
7 pper 
1 D T sidebands 
[ = 
7 


Tom th 


There are many methods 
require carrier Suppressi 


ch 
of accomplishing SSB transmission, all of whi 
Sidebands is the job of the 


i th 
on. To remove the carrier while still leaving 00 
balanced modulator. 


A balanced modulator using nonlinear vacuum tub 
circuit is shown, Linear amplifiers will not 
only as amplifiers, The r-f carrier plate curr 
directions to cancel each other, 
With the audio-modulating 
push-pull amplifier, 


1 

е amplifiers in a push pu 
mix frequencies; they wil jte 
ents flow in equal but wore 
no r-f carrier signal ОШ 
» the circuit acts as а conventio 

-f 

ondary of the plate arn , 
Thus far, with either an r-f signal or audio signal apP 
there is no output of the balanced modulator, 
With both an a-f and r 
follows: assuming that 


dye 2 , 
The grid having a positive 
-f carrier Signal will have 

grid, having a negative a. 


ne 
а resultant cancellation. 
signals 290. Tho ree oth the r-f and a-f signals generates 
і o 
output signal. The outpu бет, plus 
minus the modulatin quency of the carrie 
audio frequency itsel: 


i, n? 
© carrier frequency itself, 
1, only the two Sidebands, ; 
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Carrier Suppression by Balanced-Bridge Modulators 


A balanced modulator using a bridge rectifier circuit can provide a sup- 
pressed-carrier, double-sideband output. With only an r-f signal applied with 
the polarity shown, all diodes conduct, act as short-circuit, and prevent any 
r-f Signal from getting to the output. With reversed polarity applied, the r-f 
Signal places a positive polarity at the cathodes and a negative polarity atthe 
Plates of the diodes. The diodes do not conduct; they present an open circuit 
to the r-f input, and there is still no output signal. The audio modulation 
alone does not result in any output signal since the output-tank circuit is 
tuned to the r-f carrier frequency. 


When a modulating signal and an r-f carrier signal are applied simultane- 
ously, there is an output. The audio signal biases the diode, causing current 
io flow in one direction or another as determined by the polarity of the modu- 
udine Signal. If the polarities of the audio and the r-f signals are as shown, 
he r-f carrier signal passes through the biased diodes, and provides an out- 
Put signal. Reversing the polarity of the audio-signal voltage causes conduc- 
tion in the opposite direction, and again provides an output signal. The 
Modulating signal amplitude sets the diodes bias level, and modulates the r-f 
Carrier. The output signal has no carrier, containing only sidebands. 


The output of a balanced modulator is a double sideband (DSB) with a sup- 
efficient than a conventional AM sig- 


Pressed carrier. A DSB signal is more c 
nal because the power normally expended on the carrier can be applied to 


transmitting both sidebands. 


AUDIO R-F OUTPUT 
TRANSFORMER 4 TRANSFORMER 
High X 
A-F to AF OUTPUT 
INPUT 
Balanced Bridge 
Modulator 
R-F TRANSFORMER 
R-F INPUT Ө UO pre GRE pst M 
4 
IM 
OUTPUT 
MW 
[ Balanced Bridge 
Modulator — Redrawn 
Eon 
1 Balanced Bridge 
Modulator — Redrawn with 
opposite polarity a-f signal 


^v e 
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Sideband Suppression: Bandpass Filters 


To obtain a SSB signal from the DSB output of the modulator, one of the 
sidebands is suppressed; either the lower or the upper. The two most popular 
methods for suppressing sidebands use filters and/or phasing circuits. 


A bandpass filter passes a specific band of frequencies while rejecting all 
others. The requirement of such a filter is that the cutoff of the unwanted 
frequencies be as sharp as possible. A theoretical bandpass-filter frequency- 
response curve shown in A cuts off all frequencies exactly above and below 


Desired frequencies 


Effective passband 


Undesired 
frequencies 


Ay Amplitude 


о Amplitude 


(А IDEAL BANDPASS @ PRACTICAL BANDPASS 
RESPONSE RESPONSE 


НАСА 


Sharp slopes 


100 100 б 
Аш = 0 * 


рот Pass 15 easier to achieve at lower frequencies than at 
igher frequencies 


N я нан slope for the same 


In practice, 


Н however, 
Shown in B 
filters, however, m jet сало be 


8 
bandpass slope. The hand 
and a tolerance of +100 


ра 
2 
has extrems 2 With a bandpass of + ies 
isti i emely steep 51 The same cha. 
acteristic (D) of a bandpass filter desi P slopes. The s nd 
pass of +3 kHz, and a tolerance of 1218 (0 operate at 100 kHz with ара 


of 100 Hz has reasonably less steep 810Р®' 
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Crystal Filters 

Carefully designed, tuned L-C circuits can achieve the steep slopes required 

dud cutoff bandpass filters, but a more popular method is the use of 
stals. 


The crystal itself is basically a high-Q series-resonant circuit. The capaci- 
tance of the crystal-mounting device appears across the crystal to present a 


EQUIVALENT 25 Reactance of Crystal Circuit 


CRYSTAL CIRCUIT : Varies with Frequency 
Я En nd 
1 
I 
URLs : Rage ppb: 


x, 


l 
| $ 
I x 
| 


а! 
Ss Shunting crystal with inductance 


produces new 
parallel-resonant point 


Parallel-resonant circuit. The series-resonant frequency ofthe crystal alone 
8 lower than the parallel-resonant frequency of the crystal and holder. At 
Series resonance the circuit is neither inductive nor capacitive. 


Below as a capacitive circuit. Above 
~Slow series resonance, the crystal appears Capacitive Circuit. ADOVe 
Series resonance the crystal appears as an inductive circuit, The parallel- 

tiresonant frequency and is labeled fa. 


resonant fre 
uency is called the an 
tween the pueden and parallel- resonant frequencies there is a 


andwidth of approximately 200 hertz. 


spread between the series- and the parallel- 
р js shunted across the crystal. The shunted 
as a parallel-resonant circuit at а 


d increase the freq 

in ant frequency, an inductor 
T Uctance causes the crystal to appear 
*Quency below series resonance. 
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Crystal Filters (Cont'd) 


A crystal-filter circuit of the type 
shown is called a lattice type filter. 


Two pairs of crystals are used; each 
pair may be tuned to a frequency ap- 
proximately 1 kHz apart. The input 
and output tuned circuits act as shunt 
inductors widening the frequency 
spread of the crystals. Two of the 
crystals, marked fp, are placed in 
shunt with the input and output cir- 
cuits. The other two crystals, 
marked fg, are placed in series, 


In the reactance curve of each set of 
crystals and the resultant bandpass 
characteristics Shown, note that 
careful alignment is required to en- 
sure that the series-resonant fre- 
quency of the series crystals (fg) 
corresponds to the parallel-resonant 
frequency of the shunt crystals (fp). 
The series-resonant frequency of the 
shunt crystals (fb) must also corres- 
pond to the Parallel-resonant fre- 
quency of the series crystals @). 
Proper alignment is necessary to 
achieve the desired bandpass, 


At those frequencies where the re- 
actance of the crystal filter is pre- 
dominately inductive or capacitive, 
the attenuation of the Signal is high. 
At inbetween frequencies, approxi- 
mately 1 kHz above and below the 
resonant frequency, XI, and XC are 
equal, or nearly 50, thereby cancel- 
ing and permitting these frequencies 
to pass. To achieve very steep 
slopes of the ban 


dpass response 
curve the output of P 


one filter may pe 
applied to a second filter, 


The price paid for the Sharp selec- 
tion of frequencies isa loss in power 
known as the inserti 
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A CRYSTAL LATTICE FILTER 


Frequency-spreading coil 


SSB 
OUTPUT 


F p crystals slightly higher In frequency than f, crystals 
‘aR ESNS SAAR SASAS 


a fy Fy fy 


REALITIES BEE 


Reactance values аге 


Reactance values are 
equal and INDUCTIVE 


equal and CAPACITIVE 
HIGH ATTENUATION 


ATTENUATION 


Response curve of the individual 
pairs of crystals and the 


corresponding response curve 
of the filter 
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Phasing Method 


Removing a sideband by phasing is essentially done by applying out-of-phase 
Signals to cancel each other. The modulating audio signal is applied to a 
Phase-shifting network supplying two audio signals of equal amplitude, 90° 
Out of phase, as shown by the accompanying vector. In addition, an r-f sig- 
nal is also applied to a phase-shifting network to supply two r-f signals of 
equal amplitude that are 90? out of phase, as shown by the accompanying 
vector. The r-f and a-f signals are then applied to two balanced modulators. 


Producing a Single Sideband 
through Phasing 


BALANCED 
MODULATOR | 


vct more 


The output of the two modulator circuits consists of two DSB signals with the 
Sidebands 90° out of phase with each other. 


The two out-of-phase DSB signals are then placed ina combining circuit. The 


si ; the 

O upper sideband signals being 180^ out of phase, cancel each other; 
lower sideband signals being in phase, add to produce a single sideband 
ЗІ То reverse the output to ап upper sideband signal, the two out-of- 


Phase ‘audio signals going to the balanced modulators are reversed. 
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Linear Amplifiers 


CLASS-B LINEAR AMPLIFIER for SSB AMPLIFICATION 


NEUTRALIZING 


OUTPUT 


-C NEUTRALIZING 
CAPACITOR 


; this, however, is costly, due to its 
S-B linear amplifier is proportional p 
A class-B linear amplifier operating with an un 


gnal would only be about 35 ici ignal i5 
either present in ite езге y % efficient. A SSB sign 


є ог completely absent. B sig- 
nal is essentially a constant- P У аоѕепі. Asa result, a 55 


S amplitude signal, permitting a class-B linea" 
amplifier to operate at approximately 10% efficiency. " 


ә with spurious 
pressed sideband is supposedly eliminated, 


signal. A highly-positive Signal sw 
draw grid current. When this hap 
impedance circuit. This power 
amplifier. It is important that 
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Basic SSB Transmitters 


Special circuits are available to permit SSB reception with the least amount 
Hi difficulty. However, any good standard type commercial receiver with 
pen stability, good band spread, and a beat-frequency oscillator, can be used 
o receive SSB. To receive a SSB signal, the prime consideration is that a 
carrier be reinserted to beat with the SSB signal for detection. In a com- 
mercial receiver this can be done with the bfo used for code reception. For 
poper detection the bfo signal level should be at least 10 times as strong as 

at of the received signal. Since the bfo level is fixed, and not as high as 


LINEAR 
AMPLIFIER 


SIDEBAND 
FILTER 


BALANCED 
MODULATOR 


SPEECH 
AMPLIFIER 


R-F 
OSCILLATOR 


BASIC SINGLE-SIDEBAND TRANSMITTER using Filters 


BALANCED 
MODULATOR 


LINEAR 
AMPLIFIER 


R-F 
OSCILLATOR 


SPEECH 
AMPLIFIER 


BALANCED 
MODULATOR 


BASIC SINGLE-SIDEBAND TRANSMITTER using Phasing 


COMBINER 


desired in the average receiver, the signal level can be reduced by lowering 

© r-f gain of the receiver. 
Using the injected oscillator of the bfo as a reinserted carrier, it is import- 
ant that the SSB signal be tuned in accurately to place the reinserted carrier 
at the correct operating point. Should the reinserted carrier beat with the 
the speech will sound like Donald Duck. If 


tom , Signal a few cycles too low, н 
90 high, it will sound high pitched, making a bass sound like a tenor. 
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Transmitter Power Supplies 


Power-supply circuits used in transmitters are basically the same as cae 
used in receivers except for voltage and current considerations, and t 

many special types of controls. Half-wave, full-wave, and pa eo A 
circuits are used. However, the rectifier tubes are much larger, being able 
to withstand many thousands of volts. Where large amounts of plate and 
screen currents are required, mercury-vapor tubes are used. These furnish 
high-power supply currents and produce small voltage drops across the rec- 
tifier tubes themselves. In transmitter power supply the power transformers 


are quite large, as are the filter capacitors, chokes, and insulators. All 
this reflects the high voltages and currents being consumed. 


These power supplies must furnish certain basic voltages. A high voltage of 
from 500 to several thousand volts is required for the plate and screen of the 
r-f power amplifier, and the modulator stage. A low voltage of up to 500 


volts or so, is required for the plates and screens of all the other tubes. 
Bias voltages of up to minus several hun 


dred volts may be needed for the 
transmitter power stages. And, a high-current filament supply is generally 
required. In addition, a metering System is often included in the power 
supply for monitoring and adjustment, as well as for turning off certain volt- 
ages during warmup and tuning. 


TYPICAL TRANSMITTER 
POWER SUPPLY 


Choke input for better regulation 


5h 10 h 
200 ma 200 ma 


= 


To 
500 V plates 
DC and 
screens 
Separate Filament 2000 V To 
Transformers 0с power 
amplifler 
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Transmitter Power Supplies (Cont'd) 


Filament Supply 


Rheostat for 
Maintaining Centertap balances 


filament voltage secondary 
to reduce hum 


Bias Supply 


nz H 
V A-C Filament Ei 
Input voltage 7 
— 5 

g 

% 


The filament and bias supply for transmitters are often completely separate 
units. The filament supply often has a means of adjusting and measuring, 
Since a slight decrease in filament voltage can greatly affect the operation of 
а tube. The bias supply is often a conventional supply, except that it pro- 
vides a negative voltage for the r-f and a-f power stages. 


Most transmitters operate with plate voltages of from 250 volts to many 
thousands of volts, Contact with these voltages can cause serious shock or 
ттеп death, It is necessary, therefore, to be especially careful when making 

nsmitter adjustments. When the power is turned off in most transmitters, 
the bleeder ‘and voltage-divider resistors discharge the filter capacitors. 
However, one or more of these resistors may open, and prevent the capac- 
itors from discharging. If body contact is made with a charged capacitor, 
the capacitor can discharge through the body and cause shock, burns, or, as 
mentioned, death. Most transmitters with an output of 100 watts or more are 
equipped with switches, relays, or timing devices which open the primary 
Circuits to high-voltage circuits whenever the transmitter doors are opened. 

owever, any of these protective devices may be faulty, and then a "live 

transmitter is even more dangerous than a char ed capacitor. As a pre- 
Caution, make sure there is no high voltage present, and discharge the high- 


Voltage capacitors with a shorting stick. 


SHORTING, or "DEAD MAN'S" STICK 
22 моор 
HEAVY COPPER OR BRASS Я ME 


WIRE (tubing) 


N 


3 ———— HEAVY FLEXIBLE 
е \ WIRE (or braid) 


(for ground connection) 
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Transmitter Power Supplies (Cont'd) 


The availability of external anode tubes and improved power output tubes pu 
mitsthe use of a high voltage supply using solid-state diodes ina bridge es 
tifier circuit. In the circuit shown, the use of diodes in series be eie 
sistors across each diode to overcome the possibility of one diode bre rie 
down before the other. This can occur when one diode has a higher juncti S 
resistance, causing a higher voltage to be present across the diode. In b 
the higher voltage across the diode causes it to breakdown. With the ине 
equal-value resistors across each diode, the value of voltage is evenly ү 
vided across each diode preventing premature diode breakdown. The capaci 
tors across each diode-resistor combination help to maintain constant voltage 
and act as bypass capacitors to any sudden voltage fluctuation. 


The series capacitors in the filter circuit also have equal value resistors 
across each capacitor for the same reason. Since each capacitor offers а 
different impedance, the voltage drop across each would not be equal, and the 
capacitor with the highest impedance would have the highest voltage drop 
across it. In time this capacitor could prematurely break down. With equal 
value resistors across each capacitor, the voltage is evenly divided, pre- 
venting this premature breakdown. The resistors also act as bleeders to aid 
in voltage regulation, and also as a 


safety feature in discharging the capaci- 
tors when the a-c power is Switched off. 


The bias voltage power Supply provides a full- 
output that can be used for Screen grid voltage. 


Wave rectified positive voltage 
tive voltage output is utilized for control grid b 


The half-wave rectified nega- 
ias supply. 


TRANSMITTER POWER SUPPLY P 


ROVIDING HIGH VOLTAGE PLUS 
SCREEN GRID AN 


D BIAS VOLTAGES 
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D-C to D-C Converter Power Supply 


A power supply for mobile (automotive or marine) use is designed to convert 
the low-voltage d-c of a battery to the higher voltages required to operate a 
transmitter or transceiver. As shown in the illustration, the two transistors 
andthe transformer form a d-c to a-c inverter, the output of which is applied 
to a bridge rectifier to form a d-c to d-c converter. 


With the battery voltage applied, one transistor will conduct and the other will 
80 into cutoff. Assume Q1 conducts, the expanding field in the primary of T1 
Caused by the conduction of Q1 will develop a forward bias in the base-to- 
emitter winding of Q1 that maintains Q1 in conduction. When saturation is 
reached the magnetic field becomes stationary; there are no longer any mov- 
ing lines of force to maintain the induced-bias voltage, Q1 ceases conducting 
and the magnetic field collapses. As the field collapses it induces a voltage 
In the opposite polarity that places Q2 in conduction and Q1 in cutoff. With 
Q2 conducting through the opposite half of the primary of T1, the magnetic 
field reverses polarity. As the field reaches saturation the cycle repeats; Q2 
becomes cut off, Q1 conducts, and the magnetic field about the primary of T1 
reverses polarity. Thus Q1 and Q2 act as an oscillator, with the voltage on 
he Secondary of T1 appearing as a sine Wave. 


The high-value a-c voltage developed at the secondary of T1 is applied to a 
bridge rectifier consisting offour diodes. Assumethe polarity at the secondary 
oe Т1 was such that the top of the winding was positive and the bottom nega- 
tive. The electron flow would be through the cathode to anode of D4 to charge 


flow would be through the cathode to anode of D 
hiato of charging capacitor C, 
qucush the cathode to anode 0 

7€ to 4-с converter changing 12 v 


DC-to-DC Converter Power Supply | 
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Transmitter Controls 


p 


CONTROL RELAY 
VOLTAGE COIL 


BASIC RELAY CIRCUIT 


When switch is closed 
relay is energized, 
and load circuit 

is completed 


— ARMATURE 
X CONTACTS 


LOAD 
HIGH 
VOLTAGE 


To filaments 


CT FILAMENT @ RELAY: When energized, 
=—TRANSFORMER permits SW2 to close 


(1) When swi closes, high-voltage relay 
ў A-C 
INPUT 9 


heater operates 

(2) BiMETALLIC 
STRIP: When 
expanded by 


heat, closes 
contacts 


HEATER TERMINALS 


BIMETALLIC 
STRIP 


| TIME-DELAY 
В RELAY 


To front heater, 
© CONTACTS: terminal and coi 
Closed tact: 000 
energize relay. H-V TRANSFORMER == To center front relay 


Time-Delay Relay in High-Voltage Circuit Time-Delay Relay 


A number of devices are associated with power supplies to control and direct 


their functions, and to serve as rotection to i sonnel. 
These controls take the form of Р о паш pen 


panel-interlock Switches, 
vices that flash a light or 
а rated value. The com 


current is drawn, ted а! 
various points in a power supply. These controls are connec 


A relay is basically a Switch operated of à 
coil wound on an iron core ae by an electromagnet. It consists 


an armati сіб: 
The relay opens ог closes an е | ора operates а set of conta 
le rel 
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Transmitter Controls (Cont'd) 


Ellie relay is a protective device that opens a circuit automatically 
Lie . current through it exceeds a certain established value. It is usually 
Son р unger relay in which the magnetic field of the relay coil acts иропа 
Tate MESS When the current becomes too great, the relay contacts open. A 
js S usually included in the relay to keep the circuit open after the relay 
E ee preventing the circuit from opening and closing repeatedly while 
tte rload exists. The relay can have a mechanical release, or reset 

On, to restore it to operation after the overload has been removed. In 


OVERLOAD RELAY CIRCUIT protects high-voltage system 


Open contacts 
9-energize rela 
n y 
Which removes 
Plate-supply 
voltage 


HIGH-VOLTAGE 
RECTIFIERS 


Bi px 


POWER RELAY OUTPUT 


Overload opens 
CONTACTS 


| S'"OVERLOAD RELAY 


“EA LATCH = 
A = 


WEIGHT 


OVERLOAD RELAY 
with MAGNETIC RESET ACTION 


ILS. 


COIL п 


ad coil, connected usually in the negative lead 
e reset coil and, when energized, re- 
n energized. 


or drawing, L1 is the overlo 
E € circuit being protected. 12 is th 
ets the mechanical latch after the relay has bee 
In the relay circuit, the relay is connected in the low-potential side of the 
Power supply to eliminate the need for high-voltage insulation. It is adjusted 
ined point, the armature lifts, 


So that when the current reaches a predeterm 
Opening the contacts at A. This opens the circuit to the power-relay coil, 


po-energizing it and disconnecting the high-voltage transformer primary 
non the a-c input line. The weighted latch prevents the armature from 
alling and closing the contacts before the overload has been corrected. 
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INDICATOR 


BIAS SUPPLY 
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TYPICAL CONTROL SYSTEM 
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Transmitter Control System 


m the Opposite page we see a complete transmitter control system, including 
ime fuses, indicator lamps, and protective devices. At A, on top, is the 
Pony 117-volt a-c power input. B represents a utility outlet that is not af- 
t Cted by subsequent switching. The input circuit is fused by C, with indica- 
Ог lamp D lighting when C is open. 


s. llament switches E and F are connected in parallel. F energizes filament 
Transformer G, and E supplies voltage to the remainder of the circuit, as re- 
D Indicator lamp H, across the filament transformer secondary, 
са when the filaments have been turned on. Ganged switch I1, 12, and I3, 
ie " phone-CW switch. When it is in phone position, 11 closes the a-f fila- 
fons transformer primary, I2 removes the short from the modulation trans- 
lat mes Secondary, and I3 completes the circuit to the primary of the modu- 
eut high-voltage transformer. Voltage is applied to all filaments of the 
dicat; Section through filament transformer K. At the same time, phone in- 
ies Ог lamp L lights. If the switch is in CW position, the filament primar- 
eis Of the a-f section are open, and indicator lamp M lights. 12 short- 
ОБ Cuits the secondary of the modulation transformer to prevent spurious 
Scillations in the modulation circuit on CW position. 13 does not affect any 


circuitry in the CW position. 


Meter M is a line voltage indicator. N is a safety interlock-switch in the cir- 
нн of Ње bias-supply transformer. Delay-relay Р operates only after the 
thee Supply is fully heated and delivering full output voltage. Operation of 

e relay shorts the bias indicator lamp Q, indicating that the plate-supply 
Telay Ris ready for operation. The time required for the operation of delay- 
relay P permits the bias supply to warm up enough so that it is safe to apply 


Plate voltage to the r-f and a-f tubes. 


With relay p closed, plate-supply relay R can be energized withthe transmit- 
receive switch § (or T, an extension of the switch for remote operation). 
Relay R turns on all plate voltages, and lights the high-voltage indicator U. 


е transmitter is now ready for operation. 


the interlock switch is open. The ые ос 

opens whene itter has been removed, or has 

ver the top or back of the transm b 

not been replaced Fer Whenever the interlock is open, all high volt- 

Eo are removed from the transmitter, for the indicator lamp has enough 
€sistance to prevent the bias power supply from operating. 


Indicator lamp V lights whenever 


high-voltage transformer makes 
for tuning and testing purposes. 
Т) has to be operated. 


ne lo-hi switch in the primary of the final 
Р Possible to change from high to low power 
or standby operation, only switch S (and/or 
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Transceiver 


A "transceiver" is a combined transmitter and receiver in which some of the 
circuits are used in both the transmitter and the receiver circuitry. These 
dual-use circuits are switched between the transmitter and receiver by either 
a manual switch or a relay containing multiple switches. 


The block diagram illustrates a Citizens' Band transceiver circuit using 2 
manual Transmit-Receive switch. 


With the switch in the Receive position 
the antenna is applied to the r-f amplifier of the receiver. The crystal oscil- 
lator used to set the desired channel frequency has its output applied to the 
mixer; thus the crystal osc 


illator acts as the receiver local oscillator. The 
detected output is appliedto the 1st AF amplifier then the AF power amplifier 
to feed the detected audio signal to the loudspeaker. 
With the switch set in the Transmit position the output of the microphone is 
applied to the 1st a-f amplifier and the a-f power amplifier, The output of 
the a-f power amplifier is applied to the r-f Power amplifier as the audio 
modulating signal, The crystal oscillator Output is algo a M d to the г- power 
amplifier to set the output frequency, The modulated AM PP - E the chan- 
nel frequency by the crystal oscillator i орн . 
18 applied directly to the antenna 
In the circuit shown 2 an" 
mitter; in addition, nd еш 18 Switched between the receiver a als? 
сей and used’ ag b psal oscillator and audio amplifiers create ^ 
transceiver," А receiver and transmitter circuits * 


AF 
POWER 
AMPLIFIER 


IF 
AMPLIFIER 
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Varyi i А i 
ying the inductance or capacitance in an oscillator in accordance with an 


th audio signal produces FM. 
phase modulation, the instantaneous phase of the signal is varied by the 
A modulating signal. 
Ea ene in phase is equivalent to an instantaneous change in frequency. 
im Meis system, the equivalent frequency deviation is propor- 
Wit m to the frequency of the modulating signal. 
нс carrier frequency is varied directly, the process is called direct 
үер, the carrier is varied indirectly, the process is called indirect FM. 
ngle sideband transmission, the frequencies produced by the process of 
modulation on one side of the carrier are transmitted, and those on the 
"s other side are suppressed. 
NE is a selective circuit using a filter that discriminates against 
A lin signals except those at the center frequency of the crystal. 
ear amplifier develops an output directly proportional in amplitude to 
in а of the input signal. 
ingle sideband, since the carrier and one set of sidebands are not present 
in the output, a single sideband signal occupies less than half the spec- 
In ens space of a conventional AM signal. 
е filter method of sideband suppression, 
In P scsi Tek filters or electromechanical filters. 
e phasing method of sideband suppression, the undesired sideband is re- 
The ae by a process of phase shifting and balanced circuits. 
alanced modulator is desirable for single sideband applications because 
the balanced circuitry permits the carrier signal to be canceled out so 
that it does not appear in the output. 
tional receiver supplies 


Transmitter power supplies differ little from conven 
except in the components involved, which must handle much higher volt- 


T ages and currents. 
ransmitters use various types of relays to control the application of power 
to various circuits. All controls are designed for the protection of 
transmitter components, and for the safety of the operator. 


one sideband is removed by 


REVIEW QUESTIONS 


Explain the difference between direct and indirect FM. 
d phase modulation. 


Explain the difference between frequency an 
Explain how FM is produced using à reactance-tube modulator. 

How does a single sideband signal differ from а conventional AM signal? 
How is the carrier suppressed by the balanced modulator ? 

Explain the filter method of sideband suppression. 


Explain the phasing method of sideband suppression. 
What is an advantage of single sideband transmission over double side- 


band transmission? 

What is the function of a linear amplifier ? 
What is the basic difference between transm 
Supplies? 

11, WARE ie the function of a transmitter control system? 

12. What methods are used to prevent 2 transmitting tube from overheating? 


_ —— e 


э; Фә әгююг 


itter and receiver power 


- 
Que 
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Inductance and Capacitance in Transmission Lines 


When a d-c voltage ora low-frequency a-c voltage (say, 60 Hz) is applied to 
two conductors of reasonable length which terminate in a resistive load, the 
voltage "sees" the total resistance of the circuit. 


In an infinitely-long r-f transmission line, however, energy fed to it will 
travel down the line and be completely absorbed. We think of the two long 


Inasmuch as 


any two 
conductors form a every has 
separated by conductor inductance resistance 
- end (LL LL = р and AM 
[e] 
a dielectric capacitor 


EDEN. 
9 TRANSMISSION LINE can be viewed as b 


pas. 


an infinite number of shunt capacitance, 
series inductance, and resistance sections 
having a CHARACTERISTIC IMPEDANCE 


L (henries) 
C (farads) 


Y ihe length of the line, istributed pro- 
perties are apportioned into 1- The jn p Edi = n to 
S (ци р oot, and uh) 

per foot. An infinite number Oi ) per 1 t, 0. 15 microhenries ( 


ixed C and sumed a5 
making up the line, each section being identical, me S areae 
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Characteristic Impedance of an Infinitely-Long Transmission Line 

The shunt C and series L in each transmission line section comprise an im- 
pedance called the characteristic or surge impedance (Zo) of the line. Zo 
is purely resistive, and constant for any given line. 


aries with frequency. This is 


Zo is a fixed quantity, whose 
Whereas 


Your study of a-c electricity taught that 2 v 
ар with the r-f transmission line; here, 
ic value is determined by the physical construction of the line. 


GRAPH 
for. DETERMINING 
CHARACTERISTIC 
IMPEDANCE of 


COAXIAL CABLE 


low-frequency 
a-c voltage 


R 
E 
in a 4-с circuit or in a low-frequency a-c circuit expresses the ratio between 
voltage E and current I in the circuit as a whole. 


THE CHARACTERISTIC IMPEDANCE Zo 
fe a theoretically infinitely long r-f 
Transmission line expresses the 

Tatio between E and I at each 


int in the circuit, rather than 


In the circuit as a whole. 


the voltage applied to a low-frequency circuit "sees" the total imp edance Z 
of the circ the r-f voltage plied to the infinitely-long transmission Tine 
"sees" only the characteristic impedance Zp at the input of the line. The 
current anywhere in the circuit is proportional to the instantaneous yolar 
at that particular point. If the applied voltage is 100 volts at one point, ап 

the current is 1.92 ampere, Zo = 100/1.92 = 52 ohms. 
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Terminating the Transmission Line 


The infinitely-long r-f transmission line theoretically establishes the condi- 
tion whereby a voltage applied to the line becomes energy which moves down 
the line never to return. When this happens, the current and voltage equiva- 
lent of the electromagnetic energy are in phase everywhere in the line. 


However, the infinitely-long line does not exist. Every practical transmis- 


sion line is of finite length. How can such a line be made to perform like the 
infinitely-long line? 


Imagine an infinitely long line having a Zo of 52 ohms to be divided (but not 
Separated) into two parts, A and B. A voltage is applied to this line. It tra- 


vels down the line "seeing" 52 ohms everywhere along its path. Now imagine 
that part B of the line is cut off and replaced by a resistance equal to the Zo 
of 52 ohms. Ifa voltage adv 


is applied to the line, the energy will ance down 


A LOAD R = Zo MAKES a FINITE LINE BEHAVE LIKE 
ап INFINITELY-LONG LINE 


Assume an infinitely-long 


x И we cut the line 
transmission line somewhere along its length 
with Zo = 52 ohms away from the generator 
a) 
R=Z, = 
52 ohms 
————» 
b 


and connect R = Zo in place of the 


length of line removed 
The transmission line to the left i 

of a- " „ 
that section(B) was removed. oe wall aver know 


The load R = Zo will absorb the energy exactly as the infinitely-long line would: 


F 'w 10; i 2- 
ohm termination (the theoretical equi "ette тн actu Ше 
ce 3 traveling down the line, so the 52-ohm ter- 
transmission line of finite len а is termi ‚ In other words, 1 
Zo, the line will, regardless 1 minated in a resistance equal to i 


ny 5 
infinitely-long line, Such a Tne jo S > e monstrate ane boperties ot 


two conductors, Substantially ni parate 3 
dance because it does not produce а power loss, i eharacteristic ре 


TRANSMISSION LINES 6-123 


The R- = 
е R-F Transmission Line Transports Electromagnetic Energy 


In " 
ipee pum and the low-frequency a-c circuit energy is conveyed by 
опре ОГ сшде (current). Referring back to the distributed L and C 
cee е up the transmission line, applying an r-f voltage to the input 
result is je to flow into the line — into the first "section" of the line. One 
electrons whi creation of encircling magnetic lines of force around.the free 
in the s dep move as current in each conductor. The two fields combine 
Same ee between the conductors, producing a composite field. At the 
of the co д, electric lines of force terminating on the moving charges in each 
magnetic luctors appear in the space between the conductors. So we have 
Space b and electric lines of force, the two at right angles, occupying the 
etween the two conductors. The two fields combined are called an 


IN the OPERATION of the R-F TRANSMISSION LINE 
the energy 
advances to 
the load as an 
ELECTROMAGNETIC 
FIELD 
comprised of 


Magnetic lines 
of force 


Direction 
--3> of 
advance 


R-F 


Electric lines 
of force 


1 cycle of an 
electromagnetic wave 


Electric lines of force 


Sp ctronagnetio field. You must visualize the two sets of lines of force (the 
dio romagnetic field) appearing first at the input to the line, then advancing 
ue line from one imaginary section to the other, carrying the energy 
vers em. During each half cycle, the current in each of the conductors re- 
whe | its direction, as do the electric and magnetic lines of force. 
then the electromagnetic field they form advances away from the 

line. Thus, current flow in a terminated transmission line can 


25 овіќе directions at many points, but the electromagnetic energy 
vancing in one direction only. 


input of 
flow in 
can be 
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Electrical Wavelength 


Letustake alook at the electromagneticfield generated by a 30-MHz r-f volt- 
age applied to the terminated transmission line. (For convenience, only the 
electric component of the field is shown. ) 


The first line of electric force appear 


S with the first increment of input volt- 
age and starts moving down the line, 


followed by the other lines of force cor- 


ONE WAVELENGTH is the One wavelength 
А Опе c е 

DIMENSION occupied by the | y | E: E. 

ELECTROMAGNETIC FIELD +! | 

for a SINGLE CYCLE of the ү \ А 

APPLIED R-F VOLTAGE 


à ` А 


== / „ыў 
aaa 


A Опе wavelength 
One cycle c 


LOAD 


responding to subsequent values of input r- i sitive 
alternation, the li put r-f voltage. Following the po 


i dvance 
dom tuns dn ive alternation appear and a 
tric lines of force, No 


cycle of the input voltage occupy the same li ement 
Gt Leela dot the foe Tes ineal dimension. A measur 


2m Signal shows this length to be 32.1 feet. This 
eae a a 1 ес 1са1 wavelength, Rosle by the Greek symbol 
М elength is related to both thi En 

ents of the field created by each Cycle; the рн беа? 
ition of 1 wavelength could be "the lineal dimen- 


lectric lines of force created by all the amplitude var- 
cycle." The length of 1 


electrical wavelength ica 
eld ee v 
medium in which it is trayelre of the field (wave) in whateve 


£, and the frequency of the voltage. It is 


wavelength (л) in meters _ Velocity of the energy in meters per second 


frequency in hertz 
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E 
lectrical Wavelength and Velocity of Propagation 


Th iti 

of ion he for all velocities of electromagnetic radiations is the velocity 

per cant ке E sg А 299, 744, 000 (usually stated as 300, 000, 000) meters 
, eet per usec. Using the above veloci 

of a 30-MHz wave in free space is 2 velocity, yt К 


one electrical wavelength (in meters) = 300, 000, 0 = 10 met 
0,000,000 - 10 meter? 


s = 10 x 39. 37 = 393.7 inches, or 32.8 


With 1 meter = 39. 37 inches, 10 meter 
The answer is 


f 
eet. How was the previous figure of 32.1 feet derived? 


Henz ecce ere EE 
THE WAVELENGTH. will. VARY with 
the PROPAGATION CONSTANT 


1 wavelength of a 30-MHz signal equals FREE-SPACE WAVELENGTH | 


385.8 inches 
in open wire 


with VP of 98% 


OPEN WIRE : 
322.8 inches VP = 98% 
in a material УРЕ 
with VP of 82% 
| TWIN LEAD 
УР = 82% ` 
259.8 іпсһеѕ apy an ae 
in a materia 

with VP of 66% : erie = 
COAXIAL CABLE © 
VP = 66% 


of electromagnetic energy is 


ation (VP) 
sae | п advancing in all other 


Simply that the velocity of Pr 
p is slowed down whe.: 


most rapid in e, and 1 
Physical medias A teanamiesion line is such a medium; the VP is lower in а 
ansmission line than in free Space. Different kinds of transmission lines 
ar different VP constants. When stated as a number, it isa percentage, 
with 100% being the velocity of light. Having determined that 1 wavelength of 
98% of this length (in an open-wire 


a 30-MHz voltage i i 

i Я ge in space 1S 32.8 feet 

line) is 32.8 x .98 = 32.1 feet. An electrical wavelength for 60 Hz = 3100 
miles. The lower the velocity the shorter the electrical wavelength for any 


given frequency. When a transmission line is spoken of as being во many 
wavelengths long, electrical wavelength is meant with the velocity of propag- 


ation already taken into account. 
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Transmission Lines Terminated in Characteristic Impedance 


ERLY TERMINATED LINE 
ТИШЕ is subject to a wave 
of energy. all points along it'are 
subject to all values of voltage 
and current 


Ry, or 21, 
equal to Zo 


the line behaves as if a constantan 
amplitude voltage was applie 


VOLTAGE 


When an electromagnetic wave re 


Since this energy is the r 
en zero and maximum of m 
ject to voltage (and curre e 
he line is long or short, ud 
Or current) different from d tan 
ints of maximum voltage or " 
rrent (nodes), or any values in be 


; every point along the line is sub 
values between zero and maximum. Whether t 
point will show any fixed value of voltage ( 
er. In other words, there will be no po: 
(loops), or points of zero voltage or cu 
tween. The line is flat. 


Regardless of what may be the polarity of the voltage (and d 
rent at any point along the line, at a distance of 1 wavelength (л) from er) 
point, the polarity or phase is repeated. At a distance of a 1/2 X поета 
the polarity or the phase are inverted. This is an important property of S 
1/ AERE ERES line or odd multiple thereof is a рос 
larity ora phase chan er, wh 


-À 
ile two 1/2-) lines or even multiples of a 1/2 

Se repeater, 
ines 


The Phase of Volta, 
Changes Every H; 
9s 


| 


fe апа Current THEREFORE 
alf- " 

avelength the phase of the 
! voltage at the 
input to a half- 
wavelength line 
is inverted 1809 
at the output; 


AND 
the phase of 


| Y ES 


‚= is duplicated z 
мм at the output, 


full-wave line 
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Tra B- " 
nsmission Line Not Terminated in Characteristic Impedance 


zi conceivable that for any one of 
See reasons a transmis- 
distan ne may be terminated ina re- 
differe, not equal to its Zo. If the 
e nce inthe ohmic values of the 
Wenn d too great, say 10 to 25%, 
But if is ignored in most instances. 
Ке, е difference is substantial, 
of volt o 1, a new and important set 
areata and current conditions are 
fan e Such а relationship be- 

n the ohmic values of the Zo 


a : 
nd the load is called an impedance 


mi 

orn: _ The greater the differ- 

the inthe line and load impedances, 
greater the mismatch. 


rey sent down the line toward the 
parti visa reaches it, but is only 
abaorh y absorbed. That portion not 
absorbed is reflected from the load, 
pe ravels back up the line to the 
ei All the while energy is 
towa сЕ the generator and advancing 
and rd the load. So we have current 
ERN с аве traveling in two direc- 
Us c simultaneously inthe line. Let 
age Oncern ourselves with only volt- 
alge although reflection of current 
Deote nE.. The forward and re- 
praed voltage waves combine and 
uce resultant sum voltage waves 
E as standing voltage Waves: 
а means fixed points of maximum 
га zero voltage along the line. The 
a io of maximum to minimum volt- 
T is the standing wave ratio (SWR). 
tai useful energy absorbed by the 
fas is the difference between the 
таа energy and the reflected 
du Hence,the greater the mis- 
lin ch the less energy sent down the 
b becomes useful energy. When а 
ape осу line is used to deliver 
fee energy from one point to 
leaden correct matching of the 
line impedance to the transmission 
ii impedance is vital. A badly 
t ismatched line makes it difficult 
to properly "dip" the final amplifier 
ìn a transmitter. 


Energy goes down the line 


RL or ZL 
does not equal 


Energy goes back up 
the line from the mismatch 


^^ сон 
v s / 
j^ X ЙҮ о 
үкү, N f Ey 
/ 
VER "v 


The two 
waves 
combine 
and 


AN SA 


uce STANDING WAVES 


prod 
all along the line 


ed 


A voltmeter across а line 

having standing waves 

shows different voltages 
at different points 


ҮП? 
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Resonant Transmission Lines (Open Circuited) 


A resonant transmission line has standing waves of voltage and current. Im- 
agine a transmission line open circuited at the load end. A mismatch exists, 
hence reflection of the applied. r-f voltage and current occurs. The standing 


wave pattern of voltage and current distribution atthe frequency for which the 
line is dimensioned is very useful. 


Looking at the open end of the line, 
open circuit is the equivalent of an 
rent and maximum voltage. 


we say that the electrical condition of the 
infinite impedance; hence minimum cur- 
One quarter X back from this point the standing 
wave of the current is maximum while the voltage is minimum. This indi- 


cates that the impedance is minimum, ora short-circuit exists. So, a 1/43 
open line presents a minimum impedance at one end and a maximum imped- 


CHARACTERISTICS OF OPEN-END LINES 


half- 
At3/4)\ the behavior oso line 
= vig game as behaves as a 
a 5 


k—1/2A 1 
Hi Z | Hi Z 


1/2) back 
voltage is 


maximum and 
current i 
minimum, 1-0-1 impedance 
transformer. 
BN UC STE 
Е IA back therefore a quarter 
LI voltage is , Wave open line 
7 Load end minimum and of behaves as a 
о isopen- current is aa 
current minimum Maximum, “=|  LowZ Hi Z 
voltage maximum 


IAM 
very low impedance 
at the input and a ven 
any length high impedance at the output. 
(arbitrarily 1-1/2) 


impedance at both ends. Tae 
4, etc.,) of the 1/2-1 ope 

nges in voltage, Moving back ОКЕ 1/41 to the 3/4% 

multiples (3, 5, үр 


аа 
Thus, © 
еїс.,) of the 1/4- um voltage again. {the 
ЕЕ 


point, we note max: 
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Resonant Transmission Lines (Short-Circuited) 


pee extreme case of mismatch — the shorted transmission line. 

Sandin oltage is applied and reflection occurs at the point of mismatch. 

shorted endis. of current and voltage appear on the line. The current atthe 

velops wh is maximum while the voltage is minimum, a condition which de- 

желтое п the impedance is minimum. Working back from the shorted end, 

pondin anging minimum and maximum impedance values at points corres- 
g to 1/41, 1/2, 3/41, апал at the frequency of operation. 


A 

d back from the shorted end is a maximum impedance point indicated 
ine SR voltage and minimum current. (If you compare the shorted 1/4- 
conditi the open 1/4 discussed on the preceding page, the impedance 
ons are exactly reversed.) At the 1/2 point the shorted line presents 


a half-wave shorted line 
behaves as a very low 
impedance at input 


At a half wavelength back from 
the shorted end, voltage is Low Z Low Z 
minimum and current is max- in out 


imum 


At 
ii Hs full-wavelength point, behavior 
€ that at the half -wavelength point. 


T. three-quarter -wavelength 
Sint, behavior is like that at the 
quarter -wavelength point. 


a quarter- 
At a quarter- wavelength shorted line 
wavelength back i Low Z 
from the shorted in out 
end, voltage is 
maximum and behaves as a very high 


current is impedance at the input; 


minimum. 


any length 
(arbitrarily 12%) 


he shorted end. Ata 


the electrical condition is a repetition 
the shorted end. A full wavelength (^.) 


as at the 1/2 л point. 


m 
inimum impedance, a duplicate of the conditions at t! 


Po: 
of Шу 41 back from the shorted end 
АСЕ t which exists 1/4) back from 
› the impedance again is minimum, 


5 
Ummarizing the electrical conditions described above, we can Say that odd 


multiples (3, 5, 7, etc. ,) of the 1/4-\ shorted line repeat the electrical соп- 
anied by 180° phase changes in 


ues encountered at the 1/4 X point, accomp by. п 
tiple Oltage. Also, shorted transmission lines containing whole number n 
ele S (2, 3, 4, 5, etc.,) of 1/2 л at the operating frequency duplicate the 
ctrical conditions encountered іп the 1/2 shorted line, accompanied by 


180° 
0° phase changes in the current. 
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Properties of Transmission-Line Sections 


Although the main purpose of a transmission line is to deliver eph 
one place to another, sections of an r-f transmission line can, un p PS L, 
conditions, be used to simulate tuned circuits, circuit elements die 
phase inverters, irapedance transformers, and other similar devices. 


SECTIONS of a 


Е ^, Е==—4 
LOOKS LIKE А SHORT Due me 
MISMATCHED CIRCUIT, IN PRACTICE —> 


TRANSMISSION. LINE .... 


LOOKS LIKE AN OPEN 

CIRCUIT; IN PRACTICE —> 

HIGH RESISTANCE —— 
LOOKS LIKE 


OPEN CIRCUIT 
(VERY HIGH RES.) 


LOOKS LIKE 
SHORT CIRCUIT 
(VERY LOW RES.) 


LESS THAN 
[^ Na 
LOOKS LIKE A 


CAPACITANCE 


LOOKS LIKE AN 
INDUCTANCE 


BETWEEN 
Ma AND №, 


2 
LOOKS LIKE AN 
'NDUCTANCE > 


LOOKS LIKE д 
CAPACITANCE —> 


the 
t transmission-line section herein 
А ed part of an e Sowing 

of propagati - The fo 
Ог dimensionin Siu pon df the ше 


1/2} 5904x yp 


P 
= 1/4, 2952 хүр 1476 x V. 
(in inches) (MHz (in inches) "75. ——— , 1/81 


туы 
f (MHz) (in inches) ^ т (MHz) 

' end: 
the line takes place at the "input! poo 
rted or open circuited. п. 
'sees" the electrical conditio 
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Typical Applications of Transmission-Line Sections 


Source of signals 


4 


^ Teonitected open Ша quarter-wavelength open line is 
e-.| end end connected across any source of 
Acquaxtex JA signals, the source will "see" а 
mue line é раги уегу lew impedances at ihe frequency, 
nee j resonant for which the line was dimensioned. 
circuit. 


any antenna 


A quarter-wave open line connected 

to an antenna will "short circuit” the quarter- 

transmission wave line 
line to 4 


antenna over a narrow band of 
frequencies around the frequency for receiver 
which the line was dimensioned. ‚ 


A quarter-wave open line cut for an 
interfering signal frequency and 
connected to the antenna terminals 
of a receiver will act as a short 
circuit (trap) over а narrow band of 
ound the interfering 


transmission 
line to 
antenna 


frequencies ar 
frequency. 


and a half-wave line terminated 

in a resistance or impedance Z will 
display the same impedance at the 
input, accompanied by a 180 

A half-wave open phase inversion. 


line acts as a 
1-{о-1 impedance 2 | 2 
transformer, 


A 

T ii broad interpretations of the à 

i Е above. There аге, of course, 
€ antenna section in this volume. 


n-line sections are 
ralof which appear 


ction of transmissio 
many others, seve 
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Radiation 


The mechanism whereby a transmitting antenna liberates r-f energy deliver- 
ed to it from a transmitter, is called radiation. For radiation to oon 
changing current must flow in.the antenna. The energy-converting syst еш 
(antenna) must have capacitance with open rather than confined electric lin 

of force. The coaxial transmission line is an excellent example of a carrier 
of electromagnetic energy with confined electric and magnetic lines of force. 


Although the action shown is ve 
lar type of antenna known as a 
all types. Only the electric lo 
ience. Magnetic loops of force are al 
ing positioned at right angles to the e 


ry much simplified, and related to a particis 
dipole, the sequence of action is the same fO: 
ops of force are shown as a matter of conven- 
So generated simultaneously, these be- 
lectric loops offorce. Lines of electric 


N 


ee 
Ve р. 
te 
POK 
пла 
— 
£^y 
eR 
gentes 
4--. 
“= 
rot 
ae? 
ws 
“кашг, 
ШШШ 


| 
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Electric and Magnetic Fields in Free Space 


The electromagnetic wa i 
h gni ve or radio wave radiated into free space consists of 
inseparably associated loops of electric and magnetic ee Where they 


exist is called an electromagnetic field. 


U 1 

ор, there is no way of picturing energy; all we can do is to show a 

i55 > sentation of where the energy is, and its direction of action. It is cus- 
ry to show the electromagnetic field moving in free space in greatly 


REPRESENTATION of the PROPAGATION of 
HORIZONTALLY-POLARIZED ELECTROMAGNETIC ENERGY 


[Re ED 
Direction of travel 


VA AZ A 
И 
07772 AA 117222 CAAA [A 
АТА 
ПИА 
РА 


tle lines of force 
e v 


space "sees" tiny Seg- 
force passing by him. 
les to each other. The 
the horizontal surface of the 
In the illustration, the ra- 
the magnetic lines of force 


diation is horizontally polarize 
re perpendicular to the earth. Horizontally polarized waves are radiated 
In vertical polarization, the vertically 


simplified fashion by imagining that an observer in 
ents of the moving electric and magnetic loops of 
pl еу appear as straight lines positioned at right ang 

ane of the electric lines of fo 


Sarth indicates the polarization 
d, in which case 


rce relative to 
of the radiation. 


by horizontally positioned antennas. 


Polarized wave has its electric lines of force perpendicular to the earth's 


allel to the earth's surface. It is 
radiated by antennas which are similarly positioned. The changes in the dir- 
of the field correspond to the changes in 


Polarity of the driving voltage and с 
fi . the presentation of the electromagnetic 
eld moving in free space is the fact that the directions of the electric and 
tually perpendicular (differ by 90?) in 


Magnetic field lines of force are mu 
e (both pass through maximum and zero togeth- 


Space, but are in phase in tim 
tion of advance of the energy- 


er). Both are at right angles to the direc 


6-134 WAVE PROPAGATION 


The Free-Space Wave (Velocity, Frequency, and Wavelength) 


The RADIO WAVE of a PULSE leaves a POINT SOURCE as an 
EXPANDING SPHERE of ENERGY — with the energy uniformly 
distributed ALONG the SURFACE of the SPHERE 


se N 
7 " AN Same radius 
e @ as that of 
Time: t = 0 the earth 
energy just t= 1 psec 
teleased P2] ma 
Note: Velocity of 3 x 108 


meters per second = 984 feet per psec 


БУ has a constant velocity in f ace — the velocity 
of light. It is approxi б tere ТЕ roughly 
300, 000,000 (3 x 108) 


y this much energy is available to 9 
е. Hence, as the sphere RE 
of energy lying along any kn 
ith the geometric law that 


Sely as the square of the E. 
oubled the signal strength 
Ses to one-ninth. 


nsmitter, If the 


P it is tripled, it decrea 
volta седепсу 9f the radia mined by the frequency of the 
trical wave] rests applied to the radiating antenna, Concerning the elec 
meaning as f of the signal in free Space, theterm has exactly the sam 
wit Ed E^ Ad electromagn ving through a transmission line, 

"nd ty of propagation of free space 
raction of 1, 


VELOCITY (V). FREQUENCY (f), and WAVELENGTH (А) 


е 
А 20-MHz signal in free 5раС 
V (meter/second) = f(Hz) x À (meters) 


The Relationship Between 


У (meter/sécond) = 20,000,000 x ү 
= 300,000,000 meter/secon 
ates velocity (meter/secong) 300, 000, 000 
E E. (her) o 238095, 000 
) (meters) 15 
à - 20,000,000 Hz 
À (meters) = Velocity (meter/secong) 
vi TUM) 


1 (Hz) A (meters) . 300,000, 000 


20,000,000 = 15 meters 
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The Wavefront 


тшш we have spoken of spherical propagation of electromagnetic waves, 
< server located in space (or ata receiving antenna) would "see" the radio 
ave approaching as a transverse plane surface or sheet of radio energy 
Perpendicular to the direction of advance. We call the arriving sheet of 
these the wavefront. Signal energy arriving at any receiving point arrives 
ere as a wavefront. The wavefront is considered a plane rather than a 


A RADIO WAVE APPROACHES as a SHEET of ENERGY 


Radiating 
AN. Source 
204 Ww The advancing wavefront 
P \ =) is the equivalent of a 
Source Ep bur 8 ES vertical sheet of 

ocn ү ү, 4 A small segment os electromagnetic energy 

= = = is in effect at every receiving 
point. It contains 


— 


IL 
E 

A small wow = 4 a straight line 

Segment of gm. ~ —_ 

arc of a circle J 


of very great radius Se. 
is a straight line => Earth Reference 


electric and 
magnetic energy 


The Wavefront Consists of Electric and Magnetic Lines of Force po] 
E 


The electric lines of force are the equivalent of voltage in space 


ment of a circle or sphere of great radi- 


curved surface because any tiny Seg 3 

Us is for all intents and purposes a straight line or plane. 

If we could see the makeup of the wavefront, it would consist of electric and 

Magnetic lines of force (E and H lines) at right angles to each other. If at 

One instant the E lines pointed to the right, the H lines would point upward; if 
would point downward. Polariza- 


the E lines pointed to the left, the H lines 4 
tion of the radiated energy is indicated by the plane of the E lines in the 


Wavefront; horizontal E lines indicate horizontal polarization, whereas verti- 
cal E lines indicate vertical polarization. In either case the E lines are the 
Equivalent of voltage in space which if given the opportunity to act on an ob- 
ject lying in their path will induce a difference of potential (a voltage) in the 
Object. Metallic objects (antennas) are subject to the maximum flow of cur- 
Tent because of the voltage induced in the antenna. Horizontally positioned 
antennas are subject to the greatest difference of potential by horizontally 
Polarized E lines, vertical antennas by vertical E lines in the wavefront. 


| 
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Practical Wave Propagation 


i tical 
i in all directions from a theore 
adio propagation takes place in al! des 
сунни the distribution of radiated energy from the practical aperire 
alway uniform in all directions. Radio energy leaves the practica. 


i ility to 
ina number of significant directions which greatly influence the ability 
communicate by this means. 


In showing the radiation we use the ray tech- 
nique; actually the radiated energy fills in the spaces between the rays. 


is is 
Some of the radiated energy is directed upward from the antenna. eee 
vertical radiation, and is generally of limited use. Some of the Er 
waves) leaves the antenna at such angles relative to the surface of ашпа 
that it advances towards the Sky and contributes a great deal to long tena. 
communication. Some of the energy (direct or Space) leaves the M e 
parallel to the earth's surface for perhaps 30 to 75 miles. Then, PAS e the 
energy (ground-reflected) leaves the antenna at such an angle as to str geo 
earth at many places within 20, to perhaps, 75 miles from the an тр 
bounce off the earth, and advance upward. Finally, some of the en ung 
leaves the antenna and travels along the earth's surface — even peneme s 
the surface somewhat, This radiation is called the ground wave or sur 
component. фк E: 


The usefulness of these г 


quency is very important 


. It determines, 
the ground wave is u 


energy that leaves the antenna is identified 
in terms of its direction of advance 


Sky waves | 
ү a ae \ | | ЕР: Siy waves 
SM N | 3 
Sa AEN \ 27 pU 
x SAN ee 
Diis petam Ss SS | m -— N Direct, 0! 
sub ina, а coc cre SS —— spaco waves 
Ё Ў ——À I. 
: Eu x 
Ground-reflected 2 7 У. Ground-reflected 


"NL 
a 
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Ground, Ground-Reflected, and Direct Waves 


It i 

ae езе felt that the ground wave embraces all radiations other than 

se Fa Ment and vertical radiation. Taking this approach, ground-wave 

ulenp:the dvd of three components: the surface component, which moves 

With the асе of the earth with the bottom edge of its wavefront in contact 
surface of the earth, in which it induces minute earth currents; poor 


COMPONENTS 


At frequencies higher 
than 30 MHz act 


SS 


BEHAVIOR of the | GROUND-WAV 


E: 


sx 7 
EN 


| NN DIRECT together at receiving 
N \ WAVE point for line-of-sight 
А A N GROUND- ЕЕ e 
MA \ REFLECTED tances up» 
p N 4 WAVE 75 miles 


2x1 


Ne 


KOS » SURFACE? " 
ext CEE. ' : M 
Z Ж; j х 
ET much greater distances over water fo A 
^ 


д. г 2 
more over 100%» 10 and 250 kHz frequencies 5 
лоо miles OF ЕЕЕ tween 
250 
frequencies between and 3000 kHz. Longer — 
miles for Б tances oy, 
severa) hune? c SURFACE “i Че 
for frequencies between 3000 and 30, 000 kHzf* COMPONENT К 
up to 75 miles EFFECTIVENESS 


в to attenuate the earth currents thus limit- 
Moist soil or salt water are high-conduc- 
and therefore extend greatly the distance 


that can be spanned by this radiation. The most useful frequencies are those 
up to about 3 MHz, although the surface component is.effective over shorter 


distances at frequencies up to 30 MHz. 
s higher than 30 MHz, and the distance to be 
the signal reaching the receiving antenna is 
ound-reflected waves. This is called 
smitting and receiving antennas can 
na are significant in line-of-sight 
reception. The direct and ground-reflected waves leave the transmitting an- 
el different paths to the receiving 
t length. Because the ground- 


o ie dry, sandy soil tend 
жы the range of communication. 
vity paths which aid propagation, 


Weakened signal situation. 
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Line-of-Sight Propagation: Temperature Inversion 


i ights 
The effectiveness of line-of-sight propagation depends on the Me] b 
of the transmitting and receiving antennas, that is, the ability ed 
devices to "see" each other. The amount of power radiated by amem 
ting antenna will have a great influence on the distance covered. one 
ters rated at 1 or 2 watts or less will seldom span these distances. эзе? 
times, they will be effective only over a mile, or possibly less. Ext! aon 
sensitive noise-free receivers greatly extend the range. Ап approxim: з 
of the optical horizon or useful range of transmission can be made by арр 
ing the equation: 


distance _ / transmitter receiver ) 
(in miles) 7 1:41 4 antenna height (in ft) * ^/ antenna height (in ft) 


a 
Given a transmitting antenna 490 feet above ground, and a receiving antenn 
25 feet above ground, the maximum th 

cation is 


eoretical useful distance for communi- 


distance (in miles) 


1.41 x (4/400 + 4/25) 


1.41 x (20 + 5) = 1.41 x 25 = 35. 25 miles 
Temperature Inversion 


А E Р ег 
On occasion, transmission of frequencies above 30 MHz is accomplished 0У 
many times the normal range, 


(This distance may be 500 miles or тоге. 


THE EFFECT OF TEMPERA TURE INVERSION 
HOT DRY AIR. 


di | 
Radio energy es - "me 
CEN Sof that in the lower layer. 
DET | =p Л СА апа the a 
— mira, SS bends downwer т 


travels faster c 
here than in a 


=> 
COOL MOIS mE, 


on 
tr enome”! 

known as tem erature inversion. A selon is attributable to a ph ually 
Spring and Fall pe 2 
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Sky-Wave Propagation (The Ionosphere) 


ue pod days of radio communication the reasons underlying the recep- 
ое and from long distances were not understood. Two scientists, an 
that far Poem named Heaviside, and an American named Kennelly, suggested 
of gaseous ve the earth as part of our atmosphere, was ап electrified layer 
to earth at particles which enveloped the earth andreflectedradio waves back 
the Ke a long distance from their point of origin. This became known as 
was 2201Еу-Неауівійе layer. Subsequent research established that there 
the sin s layer, but several deep regions of ionized particles which bear 
тено. name ionosphere. Today, we know it as the D, E, Fi, and F2, 

S. The regions exist at various heights above the earth, moving up and 


REFRACTION in the 
IONOSPHERE BENDS 
SKY-WAVE SIGNALS 

ARTH 


F2 region = 
c o 


3 

These two regions Do aS 

combine at night Sai S 
EEN ЖС 


HEIGHT 


isappear 
at nights 


¡D region’ 


LAND 


—— 


LAND WATER 
——— 
Can be one thousand miles or more 


ear. The Fi, and F2 


down at di 
ifferent times of the da; 
Ер y, week, month, andy i 
Ке combine at night during "winter “and summer into a single F region, 
as the D and E regions apparently disappear at night. 
of our at- 


The ion; 
dus niad state is produced by bombardment of the upper regions articles 
emitted p. by gamma rays, ultraviolet rays, electrons, and other РЕ e 
hekari y the sun, as well as cosmic rays from outer space. y VUES 
Шеге iation in density of the atmosphere at different heights above kt recent 
timerent degrees of ionization exist during the day and night, at Pr, 
height of the year. The importance of the changing ionization and the ci ЫА 
mit of the ionized regions above the earth is in the way in which they Ре 
разв ne mere radiations of certain frequencies which enter these region К 
hrough them, while others are bent back (refracted) towards the earth. 


So: 4 
metimes we say that the energy is reflected back to earth. 
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Angle of Radiation and Skip Distance 


The Lower the Angle of 
Radiation the greater 
the distance spanned 
because the point of 
reflection is farther 
away 


Lower angle 


Higher angle of radiation 


of radiation 


lonosphere-Reflected Signals 
Skip over 
Parts of the Earth 
and create 


^" " Signal 
no-signal" areas Second reaches 
bounce earth 


¥— Second skip zone —1 
Increased skip zone No 


signal 
> ING signal 1 == = 


i Skip zone | 
Ground wave но signal | 


e and 
ni 
ng to the angle of radiation of the transmitti ү 
е reflecting region in the ionosphere. nig 
the center of the wavefront radi 


braced cre the рош of origin and point of return to earth of the reflect 
е angle of iati c 
fiction of ts TUUM of Soe of an antenna of any given frequency the 


ngle becoming 1o antenna height is increased. 


It is characteristi i i est 
return to earth is xy eao Phere reflected waves that the point of пейт, 
distance covered 


be many hundreds oy Wave signal is first detected. This skip austen еб, 
i ig As the signal frequency is inc’ 

ilc] pirates ^ Long-distance mae is en accomplishe th 

from the ionosphere the fie ed energy. After being reflected back to 


he f i r 
toward the sky, to boton Ж ume, the signal bounces off land or sea SU 


a signal leaving New York City could id atamuch greater distance: се; 
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The Fundamental Antenna 


Atransmitting antenna is a structure made of metal which liberates (radiates) 
radio-frequency current and voltage supplied to it as electromagnetic energy 
into space. A receiving antenna also is a structure made of metal which in- 


tercepts electromagnetic energy moving through space, and converts it into 
voltage and current of corresponding frequency. 


The fundamental radio antenna is a metal rod or tubing which has a physical 
length approximately equal to one-half wavelength in free space at the fre- 


The SIMPLE DIPOLE is 
a CONTINUOUS ROD of CONDUCTING MATERIAL 


| |» 


5 dipole. 
quency of operation. Such a structure is known as а half-wavelen | 
Which е often abridged to half-wave dipole. It is also known as the 
Hertz antenna. Sometimes the half-wave dipole is called a half-wave doublet. 
Dipole and doublet mean the same thing a5 long as the electrical dimensions 


Of the le antenna is defined as "а symmetrical an- 
pr es d ERN ^ equal potential relative to the midpoint. 


tenna in which the two ends are а! 
A half-way let) is usually positioned horizontally relative to 
the rial ud rer if properly supported, be mounted vertically 
9r obliquely. Another identity given the half-wave dipole is "zero-db gain 
antenna," This identification is useful only when some other structure used 
ав an antenna affords certain advantages in the concentration of radiation, 
and is compared with the half-wave dipole. Such concentration of radiation 


is, as you shall see, the equivalent of having obtained more energy from the 
transmitter, without actually doing 80. 


CONS (0000002000000 ERR 
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The Half-Wavelength Dimension 


The wavelength symbolized by the Greek letter (у) called lambda, of any sig- 
nal in free space is given by 


\ (meters) = velocity of propagation (meters per second) 
frequency of signal (hertz) 


.. 800, 000, 000 
(hertz) 


Since the unit meter is not the most c i i hen 
: meter onvenient to work with, especially W 

ee ж cat lengths are frequently given in feet and inches, the following 
quivalents for conversion will allow direct use of the determined dimensions: 


1 meter = 39.37 inches 1 MHz = 1, 000, 000 hertz 


à (inches) = 390,000,000 x 39.37 ^ 300 x 39.37 11,811 

1, 000, 000 x f (hertz) f (MHz) `f (MHz) 
"Cyn Pr value, or, 1/2 in inches = 5906/f (in MHz). H itis 
Gane). \ in feet, divide by 12,which leads to 1/2 3 (feet) = 492/ 


Practical conductor 
1 mi е 
онна. eget to about 1 inch in diameter used for tran® 


metal 4 vement of electr along 
tei o are 95% of its velocity in free ease,” EA “tthe equation {о 
on in free space is modified by the VP factor 0.95. The™ 


1/2) for thin conductors (eet) = 492 x 0.95 _468 
f (MHz) f (MHz) 


(inches) = 5906 x 0.95 _ 5609 
f (MHz) f (MHz) 


А FINDING FREQUENCY 


Velength = 
=15 met, 
Frequency 25 eters 


FINDING WAVELENGTH 


Frequency = 20 MHz 
Wavelength = ? 


Wavelength _ 300,000,000 


(meters) ^ Frequency (hertz) Fre 
кш = — 300,000,000 
— 790,000000 _ 
2300,000,009 2) Wavelength (meters) 
20,000,000 


300,000,000 
15 
20,000,000 


20,000, 000 hertz 
20 MHz 


= 15 meters 


Wavelength = 15 m s 
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Resonance in the Half-Wave Dipole 


SU T, halt ware dipole (continuous rod or split) is the equivalent of a reso- 
lic SIS үз It has distributed L, C, апа R. The L is present in the metal- 
talli nts when current flows. The C exists between portions of the me- 

c elements of the antenna, as well as between the elements and the ad- 


AN ANTENNA HAS PROPERTIES OF 


INDUCTANCE 


He 


AND CAN BE TUNED 


SHARPLY. OR 


OVER A RANGE OF FREQUENCIES ON EITHER SIDEOF 
THE FREQUENCY FOR WHICH IT WAS CUT. 


of electrical losses associated 


Jacent earth 
ound). The R takes the form 
Ca ) istance of the metal, although 


With the r-f currents rather than the d-c res 
is too exists, 
Like the conve ircuit, a half-wave dipole antenna can be made 
resonant only gs Nares the frequency for which it has been "сш." 
is frequency is determined by the L-C constants, principally by L, that is, 
1 € length of the antenna elements. To change the resonant frequency, the 
ength of the elements is altered as needed. Although the half-wave dipole is 
imensioned for а certain frequency it will, like any resonant L-C circuit, 
unction over a narrow range of frequencies both sides of resonance. While 
t is impossible to get definite limits of the bandwidth of an antenna, and have 
apply to every antenna, we can Say that the usual bandwidths embrace Sev- 
eral percent of the resonant frequency above and below resonance. Whether 
RE antenna will "tune" broadly Or sharply, is a function of its Q, which in 
тї is a function of the outside diameter of the antenna elements. The larg- 


er this diameter, the lower the Q of the antenna, hence, the proader its ac- 
septane bandwidth. Equally important, an outside diameter of 2. 5 inches or 
Ore can reduce the physical length equal to а 1/2 А at any given frequency, 


by as much as 10% of that for a 0. 5- or 1-inch diameter element. 


—————— С 
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Voltage and Current in the Half-Wave Dipole 


CURRENT AND VOLTAGE DISTRIBUTION ОМ А HALF-WAVE DIPOLE 
CURRENT is MAXIMUM AT THE MIDPOINT 


OF THE HALF-WAVE ELEMENT 


continuous rod EL 
E a ee AT THE ENDS 


WHEREAS 
VOLTAGE 15 MAXIMUM AT THE ENDS 
naaa Sol Te 
E+ se continuous rod E+ Sse, split rod 


current along the elements. Voltage is Es 
Ows to the open end. It cannot go further, tenna 
becomes zero. The related magnetic field collapses back into the an 


the antenna and current fl 


t- 
split) the standing wave ae 
aximum at the ends and Y 

The current is maximum at the center and minimu 
the ends. ——RÓn 


The standing wave of voli 


entatio? 
tage and curr the ori 
of the ante ; it i 1 ent is not influenced by 


г ob^ 

Positioned horizontally, vertically, 0 n^ 

BL E the standing wave pattern influenced by the amount of Sge 
o the antenna; the ап 

amounts of Power, and it is th ker eee sume Wee a 


elements, e same for small diameter or large diam 


A) 
ч {ЛЕ IN a WIRE ONE WAVELENGTH Lon | 
CBA current T is minimum at the center, W 
T А I voltage E is maximum i 


NA 


vy 
MEE 


IN A WIRE THREE HALF-W 
LONG (B)the current T ig maximum 
center while voltage E is minimum 


ы 


aTHS 
МЕЕН ho 
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Antenna Impedance 


A characteristic of the standing waves of voltage and current on the half-wave 
ipole (or, on any antenna on which standing waves exist) is that the ratio be- 
tween E and I, or E/I is not constant along the length of the antenna. The 
reason is that I and E do not change together. If we use the ratio E/I to ex- 
press the impedance of the antenna, the impedance is not constant along the 
ength of the element. Assuming a resonant half-wave dipole, the impedance 


THE ANTENNA RESISTANCE OF A HALF WAVE DIPOLE AT RESONANCE IS LOWEST Wi 
- AND INCREASES SYMMETRICALLY ON EACH SIDE OFTHE CENTER. 4 


72 ohms 


Center Ra 


Higher R4 


Antenna Resistance 


Higher Ка 
< About 2500 ohms» 


Center 


Ка = 


antenna 
resistance 


is lowest hi the current is maximum. On the 
at is being where 
io the center, th У the ends where the voltage is шах- 


other hand imum at 
аша yet e seed eka The center of the antenna is considered 
to be a narrow region, perhaps 1/2 to 3/4 inch each side of the exact middle 
9f the rod. ч 
er because the maximum current 
int, and it is easier to produce transmission 
gh voltage. Also, when the half-wave dipole 
tance and inductive reactance cancel each 
Under such conditions 
ints equidistant from 


Most half-wave dipoles are fed at the cent 


pani is the minimum voltage ро: 
ie Т for low voltage than for hi 
tse ea the capacitive reac 
th er, leaving resistance only as the net impedance. 
К е antenna impedance is resistive between any two po 
he center along the antenna length. 


= ——————— = 
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Antenna Input Impedance and Radiation Resistance 


is to 
maximum possible amount of energy intercepted by the antenna. edes бї 
happen, the "input" tothe antenna must match the characteristic impe ed 
turn is assumed to match the output ie " 
he important aspect of antenna impedan ТЫП 
е the transmission line is connected. єй 
antenna input impedance, feedpoint imped- "a 
Of these three names the first two are m. 
S defined as a fictitious resistance T ers 
would consume as much power as the an 


ance of the transmitter, Thus, t 


point is called by several names, 
ance, and radiation resistance, 

n Radiat. чо. " 
evident. Radiation resistance i. 


when substituted for the antenna 
na radiates, 


In a 1/24 resonant dipole, 


ses] 
the antenna feedpoint impedance has a theoreti 
value of about 72 ohms, 


A се, 
This is for an infinitely thin antenna in free spa 


THE HEIGHT of the 
HALF-WAVE D 


RADIATION RESISTANCE IN OHMS 


close to ground 
pending on the 


S, the fi 
While we Say that the fescue ot i 


purely resistive, this is true only when the w 


operation, Fortunately, however, 


enna to accept energy from the transmitter 0 
es each side of the resonant frequency. 


y 
latitude to permit the ant 


ver 
narrow band of frequenci, 4 
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Directivity of Resonant Half-Wave Dipole 


Nets укыды radiator located in space radiates equally in all direc- 
ы › this is never true with practical antennas. All antennas radiate more 
sy in some directions than in others. The directions in which an anten- 

а radiates best is the favorable direction for response as a receiving anten- 


ALL RESONANT HALF-WAVE DIPOLES 


radiate best and afford best signal 
broadside to the antenna element 


MAXIMUM 
RADIATION 


REDUCED | REDUCED 
MAXIMUM RADIATION ^ /RADIATION 


ZERO< —- ZERO 


8 MAXIMUM 
ЖОК RADIATION 
MINIMUM eS 
REDUCED ^ \REDUCED RADIATION —. „< 
RADIATION : RADIATION — 

MAXIMUM 
RADIATION 


Ра 


MAXIMUM 


ern of radiation is called the direc- 


ne A pictorial representation of the patt 
tivity pattern, and applies to reception and transmission. The cause for dir- 
€ctional radiation by a resonant half-wave antenna is that the radiation inten- 
Sity is proportional to the square of the current in the antenna, but since the 
Current is not the same everywhere in the antenna, more energy is radiated 
from certain parts than from others. 

In the resona Ж е, radiation and signal pickup takes place рег- 
pendicular lig tap ot antenna, with very little radiation (theoret- 
ically zero) in line with the long axis. An antenna mounted horizontally in 
Space would have a radiation pattern that resembles a doughnut. If we cut a 
Slice in the horizontal plane through the doughnut, the slice would resemble 
а figure 8, with the antenna positioned at the crossover point. This is € 
Characteristic radiation and signal pickup pattern of a horizontally positione 
resonant half-wave antenna. If the long axis pointed east-west, maximum 
radiation and signal pickup would be north and south, and vice-versa. itis 
Standard practice to orient horizontally-positioned antennas so that an ima- 
Binary line drawn normal from the midpoint of the antenna element would 
Doint in the desired direction. The proximity of ground to the antenna affects 
the radiation pattern by changing the angle of radiation in the vertical plane. 
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ANTENNAS 


Parasitic Arrays (Yagi Antennas) 


М еп- 
The parasitic array is a way of using resonant half-wave dipoles to conc 


DERE A i di- 
trate radiation in a desired direction and minimize radiation in undesired 
rections. This affords gain im the antenna. 


resonant dipole previously identified as the 
tenna design is said to afford a gain of 3 db, 
energy in a chosen direction is the s 
wave dipole had been used with twi 
mitter. (3 db = 2 time increase i 
10 db = 10 time increase in powe: 
trate the radiated energy into a 
be pointed more accurately. 


A parasitic array 


The reference is the half-wave 
zero db gain antenna. 
the result relative to ra з 
ame as if the zero db gain resonant ha à 
ce as much power obtained from the rane 
n power; 6 db = 4 time increase in POS, 
r.) Anantenna with gain tends to concen. 
narrower beam, therefore the antenna п! 


ы т nant 
y Or beam antenna contains several elements: аг wies 
half-wave dipole that receives power from the transmitter, or which de 


DESIRED 
direction 


DIRECTOR 
———— 
DRIVEN ELEMENT 


TRANSMISSION 
LINE 


UNDESIRED 
direction 


one or more conti 


front of the drive 
tors are used, 


er 
which only one is used 
the driven element in the Frequently both dir 


the received power to the receiver 


nuous metal 
lel to the driven element at end 
electrically coupl 


ed to, but not co 


n eleme: 


DESIRED 
direction 


DRIVEN ELEMENT 


REFLECTOR 
TRANSMISSION 
LINE 


UNDESIRED 
direction 


r 
nnected to, the driven element. The 


DESIRED 
direction 
DIRECTOR 
DRIVEN ELEMENT 


REFLECTOR 


TRANSMISSION 
LINE 


UNDESIRED 
direction 


also 
and is called the driven elements ога] 
(the parasitic elements) which аг 


c^ 
dire", 


Tf an an- 
diated 
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Operation and Characteristics of the Parasitic Array 


When treated in terms of transmission. energy is delivered to the driven el- 
ement. It radiates energy towards the front and the rear. Some of this en- 
ergy induces current in the parasitic element(s), which in turn reradiate vir- 
tually all the energy. By suitable dimensioning of the parasitic relative to 
the driven element, as well as the electrical distance between them, the 
electrical energy reradiated by the parasitic is "timed" to reinforce the cur- 


PARASITIC ARRAYS RADIATE TOWARDS THE FRONT 


with minimum radiation (and signal pickup) to the rear 


Approx. 
5% Greater Less 
shorter than than 
Director — 014A Director 014A 
rien 8 element Driven element | Driven element 
| i 
A/2— 5 Reflector Reflector 
The greater the number of elements the narrower the beam 
and the greater the concentration of the energy 
rent in the driven element. It also reinforces the radiation in front of ксы 
tenna, while tending to cancel the radiation towards the rear. The resu 8 
the antenna i.e., towards 


Concentration of the radiati wards the front of 7 
the desired direction. wet nE CETE, the parasitic element(s) and the iu 
€n element are acted upon by the approaching wavefront, but not at V ane 
moment because of the spacing between them. By suitable electrica A 
(the spacing end the dinommitns of the elements) energy. nenie ТЫСЫ 
front of the antenna is reinforced in the driven element; energy arriving {ro 
the rear is effectively cancelled in the driven element. 
Because the current in the driven element is a combination of that receios 
from the transmitter as well as from the parasitic element(s), the bos 
impedance ofthe driven element is very much less than the 72 ohms о 7" 
resonant half-wave dipole. It can be as low as 25 ohms. Therefore it e 
quires special methods of matching to the transmission line. Also, the tue 
E of the elements of the antenna as coupled circuits tends to narrow w 
mg of frequencies around the resonant frequency which can be accepte i 
e antenna. A beam antenna tunes more sharply than a single resonant ha 
Wave dipole. Usually the length of the director is 5% shorter than the driven 
element, while the reflector is 5% longer. 
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The Folded Dipole 


A variation of the conventional half-wave dipole is the folded dipole. In effect 
it is two 1/2 dipoles — one a continuous rod, and the other split in the cen- 
ter — connected in parallel. The transmission line is connected to the split 
dipole. Its half-wave dimensioning is done exactly as for the ordinary half- 
wave dipole. Its behavior differs from the conventional half-wave dipole in 
several respects. The directivity of the folded dipole is bidirectional, but 
because of the distribution of the currents in the parts of the folded dipole its 
input impedance is very much higher. If all parts of the antenna are made of 
like diameter rod or tubing, the feedpoint impedance is 288 ohms. In thi$ 


THE FOLDED DIPOLE is bidirectional 
and a zero-db gain antenna. The 
amount of power it will accept from 
а transmitter is the same as for the 
ordinary half-wave dipole. Both will 
intercept the same amount of energy 


X 7, from an approaching wavefront. 


manana ы. сы 


arlations in the folded dipole provide different impedances 
1 di 


(B) 


е 42 91= 242 
2 = 288 онм5 z= cam Ghia 


42 


In general: 7 = 72 (14 E )2 
d 


nt i а 
low в а reduction when зале antennas because the high impedance E 
with a transmission line rated ES саш, while still being suitable for a mat 


m 50 to perhaps 75-ohms impedance: 
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The Vertical Antenna 


THE QUARTER WAVELENGTH (7; 2. ) VERTICAL ANTENNA 


is an omnidirectional antenna. It radiates equally on 
all sides except upwards in line with the long axis 


Solid pattern of radiation is equal all around 
x 


GROUNDED MARCONI ANTENNA 


ARTH 


Electric field around AX vertical antenna 
GROUND 


IMAGE ANTENNA EARTH 


A standard form of antenna is the 1/43 vertical, also known as the Marcom 
is" 5 resonant frequency, and 
500 Expanded ' at the bottom. It is used for all frequencies beginning at ы 
a z and extending up into about 150MHz. When used as a "whip" antenna 
avehicle, the vehicle acts as the ground. The antenna radiates а vertically 
toned ed wave at a low angle wherein the electric lines ot torca are Paina 
eae рер кас to the earth. By connecting the lower en f it- 
eit "n directly, the ground presents to the antenna a mirror iat the 
cH his mirror image is the equivalent of the missing 1/41, sot 
ais a then has a current and voltage distribution like t 
fore et half-wave dipole. Current is minimum at the top d mini- 
atte re maximum at ground, while voltage is maximum atthe top an "from 
as jm ground. The feedpoint for the antenna is to a point slightly uP tenna 
kd ры ee of the antenna and to ground, the solid conductor of the ап as 
гат ур. short-circuit because of the resistance present ever ot 
vertical 1/4 The feedpoint resistance or radiation resistance of the ге to 
the coupl: /4 X antenna is about 36 ohms measured at the point of connec ten- 
nas whi ing device to the transmitter or receiver. Grounded vertical АШ 
pedan ch are shorter than 1/4 suffer from lowering of the feedpoin tion 
resi, ce and radiation resistance. 1f the antenna is too long, the radia 
Stance increases substantially above 36 ohms. 


AS 
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The Vertical Antenna (Cont'd) 


VERTICAL GROUNDED ANTENNAS can be | 


Shorter LENGTHENED | Longer 
than 2/4 by adding than MÀ 
| inductance 


SHORTENED 
by adding 
series capacitance 


Quarter-wave ye rtical antennas are 


up- 
; higher impedance is available by advancing © 2 
wards from ground along the length of the antenna. Thus, one point m "A a 
a feedpoint for a 36-ohm line, while a point Somewhat higher up along t a 
tenna would Serve as a fe i i Of course, ground is 
instances. 


The round-plane antenna is a ver 
or tilted-downward 

act as the 
In effect, 
poise, and 


rods extending 


^ GROUND-PLANE ANTENNAS WITH i 


| 


м 


metallic support 
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The Long-Wire Antenna 


ie long-wire antenna is a single long wire, usually two or more wavelengths 
irae or more 1/21) long at the operating frequency. It is also known as an 
rmonic antenna. The greater the number of 1/21 the antenna length will 
poo mmnodate for the operating frequency, the more effective the antenna as 
т gain over а zero-db gain half-wave dipole, and the better its directivity. 
ү aeons a horizontally polarized wave at relatively low angles, from about 

to perhaps 25° relative to the earth's surface. The gain varies from 
изыш 1.5 db when the antenna is four 1/2 А long to about 4..5 db when the wire 
8 sixteen 1/2 long. The long-wire antenna is end-fed, with a feedpoint im- 
pedance of 500-600 ohms. 


Tongwire antennas are of two types — unterminated «(resonant), and termi- 
Rated in the characteristic impedance of the antenna (nonresonant). The 
esonant antenna has standing waves along its length. The voltage reverses 


THE LONG-WIRE ANTENNA affords good gain 


UM L 

M nor line = 

Unterminated or resonant long wire Terminated or nonresonant long wire 
wavelengths) long 


4 wavelengths (8 Y, wavelengths) long 4 wavelengths (8 4 


and can be BIDIRECTIONAL or UNIDIRECT IONAL 


Direction V 4 Direction Direction 
Temm Г б Transmission ae Single 
li == Bidirectional line E Unidirectional 1, lobe 


The equation for determining the physical length (1) of the anfenna wire fora 


numb Y 1 
iL length (feet) = 492 e Mon where N is number of AA 
iz 


its polarity every 1/2, and the current reverses its direction. The termi- 
tenna to the 


puis antenna has substantially uniform current flow in the an е т 
mination. Parallels to these electrical conditions аге the resonan 


nonresonant transmission lines. 


The essential difference in performance between the above two kinds of 1018" 


wire antennas is in the directivity. The resonant line is pidirectional a 
ile the termin ntenna is uniz 


БИШ angles to the long axis of the wire, while the terminated a ушп 
directional in the direction towards the terminated end of the antenna: — 


the antenna length is five or more 1/2) at the operating frequency, 
radiation takes place at right angles to the long axis of the antenna. 
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The V Antenna 


The V antenna is a version of the long-wire antenna. It is the equivalent К 
two long wires (legs) arranged in the form of a flat V, each wire being at 
with a voltage 180° out of phase with the other. The advantages of this a 8 
tenna are gain and directivity. It is achieved by cancellation between oP 
positely directed corresponding radiation lobes in each leg, and by aiding 


THE V ANTENNA has HIGH GAIN AND A CHOICE of 
BIDIRECTIONAL or UNIDIRECTIONAL DIRECTIVITY 


Resultant 
radiation pattern 


600-ohm 
transmission 


lobes 4 + 8 Lobes 3 + А 


» c 
ce ae BIDIRECTIONAL 
3 and 7 aid. А DIRECTIVITY 

4 and 8 aid 
"o 

R = 500 ohms 

affords 
_—› 
ESSENTIALLY 

Bio ea in valu ' UNIDIRECTIONAL 

"н be кро та, R = 500 ohms DIRECTIVITY 


en 
-wave dipole is realized rd 
t the apex of the opo 0° 

B оа > 

for {һе 2-X wires, Wh waa Лоеве ш of fre- 
sant ict eget erage a e Ee тми 
est an requen, i 
mber of 1/2) in each leg. 
everal wavelengths long. If each leg 


е8 
hms the radiation pattern becom 
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The Rhombic Antenna 

The rhombi - 

Srina E E very efficient antenna of broad frequency capability, and is 
for the large ч radio communication facilities where the space necessary 
Case каны ructure is available. It can be said to be a double V, in which 
can be | ines = diamond-shaped structure lying in the horizontal plane. It 
ectivity. When = cd unterminated, the difference between the two being dir- 
noninductive sed, the terminating resistance is between 600 and 700 ohms, 
i , and both types are fed by open lines of 600 ohms characteristic 


impedan 
ce. Its advantages become evident when each leg of the rhombic 1s 


Sever; 

70°. db yavelengtha long, and if the angle 6 at the apex is be 

convents s event the antenna shows a power 

есе nal half-wave dipole. When terminate 
onal in the direction of the termina 


tween 50° and 
gain of from 8 to 12 db over a 
d, the radiation patternis uni- 
ted end, and has a very narrow 


THE RHOMBIC ANTENNA 


Lobe 1 cancels Lobe 6, 
Lobe 4 cancels Lobe 7, 
leaving Lobes 2. 3. 5. 
and 8 to form a narrow 


unidirectional lobe. 


600 to eec 


If the antenna is not 
terminated at R, it 
becomes 
bidirectional а f f s 
because two additional? 55 fe 


lobes appear on each leg. 


a must be laid out 50 that 
It can be made bi- 
It is an excellent 
y if the leg 


prin 

it terete Because of this behavior the antenn 

ачна р the desired direction of communication. 
simply by removing the terminating resistance. 


antenn: 
length, a i seperation over a wide band of frequencies, espec 
nee pa tween 5and 6 л long at the lowest frequency of operation. ише 
у making each leg longer than about 8 X. 
t that 


COE tic of the rhombic arises from the fac 
Hang gp Ames develop in each leg of the terminated arrangement, an 
positely di ondition that one lobe in each leg cancels the corresponding OP- 
ваше еге kn, Deor leg. This leaves four lobes pointing in mi 
ion, neach leg. These are addi i e a single 
narrow lobe in the forward direction. additive, and prodit E 


The highly directional characteris! 
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Feeding the Antenna (SWR) 


TYPICAL ANTENNA MATCHING 


DELTA-MATCHED DIPOLE 


DIRECT MATCHING 


MATCHING STUB 


Ry, =72 ohms 
72-ohm Ед 
feedpoint ^ 4 

Z,= =W: 
170 ohms 


N 


Rj. = 400-ohm 


transmission line 


72-ohm 
transmission 
line 


It is extremely important that th 
the transmission- line and the ant 


t- 
in the value of E or I along the line. AcceP 


s much as 1.75 with low? 


of 
Power transmitters, The SWR figure can also be obtained from the ratio 


Ra/Zo. If Ra is 70 ohms and 
fortunately, the feedpoint im 
such as at resonan 


end. 
nnas can be fed at the center, off center, or at peri 
When the antenna d number of 1/2 4 at resonance, the C e 


nate current loops appear on b Е 
located at апу current loop, However, it i se of the hali- 
dipole operated at resonance that the alle ре еа 
Б two or more 1/2 
ance point. The high tr: 4 
can be obtained through а resonant li 
operating frequency, to 
mission line ang antenna, 


е feedpoint т of 
determined by experiment, It is Parasitic array, the " 


ion each 9^, 
the center of the drive difficult to state a dimens nti 


п Clement that will the connecting po 
any given Zo of the transmission ee wal Serve as th 
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A transmission line isa device for guiding electrical energy from one point to 
another. Such a line has electrical constants of inductance, capacitance, 
and resistance distributed along its length. 

A line terminated ina resistance equal to its characteristic impedance is said 
to be terminated correctly. 

The ratio of maximum to minimum voltage or current along a transmission 
line is called the standing wave ratio — this is a measure of the energy 
reflected. 

A properly matched line is nonresonant. It produces no reflection of energy 
and there are no standing waves — there is maximum transmission of 
energy. 

A delta-matching section used with a two-wire line is made by fanning out the 
end of the transmission line as it approaches the antenna. и 

Electromagnetic waves are propagated into space at nearly the speed of light, 
300, 000, 000 meters per second, or 186,000 miles per second. А 

A radio wave may be described as a moving electromagnetic field, having 
velocity in the direction of travel. 

The wavelength of a radio wave in free space i 
by its frequency ( = V/f). 

The energy received at a distant point is 
ground-reflected wave. 

The velocity of wave travel on an antenna or transmissio! 
in free space. 

If an antenna is cut to a length of exact resonance, 
the antenna impedance ispurely resistive. Ift 
capacitive reactance is present; if made longer, 
present. 

A quarter-wave antenna operating in conjunction w. 
resonant antenna. 

An array is a combination of half-wave elements operating to x 
single antenna. Arrays provide more gain and greater directivity 
single-element antennas. lectric 

The polarization of a radio wave is determined by the direction of the elec 
flux lines with respect to the surface of the earth. 


s equal to its velocity divided 
the sum of the direct wave and the 


n line is lower than 


the reactance is zero, and 
he antenna is made shorter, 
inductive reactance 18 


ith ground operates as a 


gether as а 
than 


REVIEW QUESTIONS 


What is meant by electromagnetic energy? 

What is meant by ground, ground-reflected, and direct 
What is meant by skip distance? 

What is the function of a transmission line? 
Name three different types of transmission line. 
What is meant by a wavelength? 

What is an antenna? 

What is meant by radiation resistance? 

What is meant by the characteristic impedance of 
What is the function of a parasitic element? 
Explain the term polarization as applied to an e 
What is the current and voltage distribution on a grounded quarte 
antenna? 


waves? 


a transmission line? 


OONDPAN 


T 
x 


etic wave. 
lectromagn P wave 


m m 
N т 


GLOSSARY 


Amplitude Modulation: A 
of the carrier is made t | 

Antenna: A device used to Р ‘rection? 

Array: An arrangement of antenna elements, usually dipoles, which results in desirable di 
characteristics, 

Attenuation: The reduction in the strength of a signal. 

Breakdown Voltage: 


1 nizatio! 
The voltage at which an insulator dielectric ruptures, or at which ioi 
conduction take Place in a 995 or vapor, 


by 
roduced 
Buffer Amplifier: An amplifier used to isolate the output of an oscillator from the effects p 
changes in voltage or loading in following circuits, 
Carrier: The r.f component of a transmitted wave y 
ligence can be impressed, 
Characteristic Impedance: 
ine on which there are lated fro™ 
" ii a! 
Coaxial Cable: A transmission line consisting of two conductors concentric with and insu 
each other, 
Continuous Waves (CW); Radio waves that maintai 


Coupling: The association of two circuits in such 
circuit to another, 


Crystal: 


n and 


of intel- 
Pon which an audio signal or other form 


The ratio of the y, 


transmis 
1 а tr 
oltage to the current at every point along 

о standing waves, 


оепсу: 
^ 9 constant amplitude and a constant нр 55 EU 
9 way that energy may be transferred 


Dipole Antenna: Two metallic elem 


hich rad 
ents, each Spproximately one quarter wavelength long, wl 

rf energy fed to them by the transmission line, 

Director: А parasiti, 


ic antenna placed in 
the forward direction, 


Electromagnetic Field: A 
Other travel in a dire, 


Electrostatic Field: A field 


1ded if 
Tee aide 
front of a radiating element so that r-f radiation is 


Feedback: A transfer of ener, 
Filter: A combination of circui 
all others. 
Frequency:The number of 
number of Cycles per second ally 
и! 
Frequency Distortion: urs as а result of failure to amplify or attenuate ed 
frequencies Present in a complex wave, дег“ 
ri 
Frequency Modulation: А system of transmission and reception of intelligence in which the car 
frequency is made to vary in accord, i i i 
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Ground: A metalli 
: talli i 
& Bein: of iae en with the earth to establish ground potential. Also, а common return to 
Ишенбай: Ani o pe! potential, such as the chassis of a receiver or a transmitter 
: An integral multiple of a f г 
е зн Iendotental oF ы Hi dun frequency. (The second harmonic is twice the fre- 
г ic Di: ; * 
я Distortion: Amplitude distortion. 
relectri й 
Жш» pd Capacitance: The capacitance existing between the electrodes in an e 
о! ial: " 
ME Mare The lowest potential at which ionization takes place within a gas-filled tube. 
n 'egion сон i ioni: 
m he surface oF the pmposed of highly ionized layers of atmosphere from about 70 to 250 miles above 
latched Im; 

A jpedance: iti. " A 
5 impedances are ла Балана латаи sg? coupled circ 

odulation: 

Sree process of varying the amplitude (AM), the frequency (FM), 
рс n accordance with other signals to convey intelligence. 

узе А e circuit which provides the signal that varies the amplitude, frequency, 
utes ns generated in the r-f portion of the transmitter. ‘ i 

i Я 

of оне he procen of nullifying the voltage fed back through ! 

triode tubes, , by providing an equal voltage of opposite phase; 
Node: A ze 

id ro point; 1 " 
м point. of uias eae oe a current node is a point of zero current, 
seillator: A circui 
; t А 

bs. оя rcuit capable of converting dc into ac of a frequency determine: 

Oscillosco 

pe: An inst " 
E countered in An atoman fen showing, visually, graphizal representations 0! 
arallel Feed: 

Grea as it Application 3t а 4-с voltage to the plate cr grid of a tube in parallel with an ec 
ОТУНА -c and a-c components flow in separate paths. Also called shunt feed. 
Pistoli A case A resistor in an electron tube circuit to prevent unwanted oscillations. 

pansion, ог павале аа of producing a voltage by placing а stress, either by compression, 

applying a voltage A ae crystal, and, conversely, the effect of producing а stress in a crystal by 


Plate Dissipati: 
pation: The power in watts consumed at the plate in the form of heat. 
average d-c power supplied to 


lectron tube. 


vits are so adjusted that their 


or the phase (PM) of a 
or phase of the 


icitance 


he interelectrode capa 
ly with 


generally necessary on 
end a voltage node isa 
d by the constants. of 


f the waveforms em 
ex- 


Plate Effici 
iency: Th i 
M the plate e ratio of the a-c power output from a tube to the 
ate Modulation: " 
papal Amplitude modulation of a class-C rf amplifier b 
Radiatio ee 
п Resist : in A 
я from the ЧААН" A fictitious resistance which may be considered t 
eflector: A " > 
decus кнг м БЇ pakina qr ШАКШЫ action to prevent rf radiation in an undesired 
Séreon. bier o reinforce radiation in a desired direction. 
dii in The power dissipated in the form of heat on 
Sara.) "n by the electron stream. 
eed: Applicati 
in which e n ef the d-c voltage to the plate or grid of a tu 


Standin, 
VERE. waye A distribution of current and voltage on a fra 
see 9 in opposite directions, and characterized by the presenc 
xima and minima in the distribution curves. 


Thermo 

cou 

effoct aa Ammeterzn ammeter that operates by means of a voltage 
passed through the junction of two dissimilar metals. It is used for r- 


Unbala 

nced Line: feel 4 

C rp Nace А transmission line in which the voltages on the two conductors er? not ed 
ground: for example, a coaxial line. 


Wave: 
: Basi 
BE electromagnetic impulse, periodically changing in in 
Wavelength: Th graphical representation of the iutenity of that impulse over a peri 
of one а Tinen usually expressed in meters, traveled by а wave during the tim 
Wave Pro cycle. It is equal to the velocity divided by the frequency. 
pagation: The transmission of r-f energy through space. 


у varying the plate voltage in 


o dissipate the energy radiated 


the screen grid os the result of 


be through the same impedance 


d by two sets of 


nsmission line foie у 4f. points a 


е of a пи! 


the heating 
produced by he ae ants: 


f measurem 
ual with 


tensity and traveling through 
of fime. 


e interval 


INDEX 
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(Note: A Cumulative index Covering all six volumes in this 
Series is included а! the end of this volume.) 


AM-CW transmitter, 6.92 
Amplifiers 

bias voltage, 6-58 

buffer, 6-37 

Class-B linear, 6-106 

Class-C. See Class-C amplifier 

driver, 6-45 

final, 6-45 

linear, 6-106 

modulator driver, 6-86 

Power. See Power amplifier 

Push-pull, 6-52 

Speech, 6-84 

tuned r-t, 6-45, 6-46 
Amplitude Modulation (AM), 6-69 

bandwidth, 6-72 

Modulation envelope, 6.69 

Percent Modulation, 6-70, 6-71 

sideband Power, 6-73 

Sidebands, 6.72 

transmission, 6-69 

transmitter, 6-74 

wave power distribution, 6-73 
Angle of radiation, 6-140 
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Antennas 
beam type, 6-148 
delta-match, 6-156 
dipole, 6-141 
directivity Pattern, 6-147 
director element, 6-148 
doublet, 6-141 
driven element, 6-148 
feeding, 6-156 
feedpoint Impedance, 6-146 
folded dipole, 6-150 
fundamenta lype, 6. 
9round-plane, 6-152 
half-wave dipole. See Hall-wave dipole 
half-wave doublet, 6-141 
half-wave Voltage di 
half-wavelength di 
impedance, 6-145, 6-146 
long-wire, 6-153 
Marconi, 6-151 
matching, 6-156 


Antennas (continued) 
matching stub, 6-156 
Parasitic array, 6-148, 6-149 
radiation resistance, 6-146 
reflector element, 6-148 
resistance, 6-145 
thombic, 6-155 
Standing wave ratio (SWR), 6-127, 6-156 
V-type, 6-154 
vertical, 6-151 
wavelength, 6-142 
Yagi, 6-148 
Armstrong Phase-modulation circuit, 6-97 
AT-cut Crystal, 6-21 
Automatic limit Control (ALC), 6-91 


Backwave, 6-63 

Balanced-bridge Modulator, 6-101 
Balanced-modulator, 6-97, 6-100 
Bandpass filter, 6-102 
Bandwidth, 6-72 

Barium titanate crystal, 6-82 
Beam antenna, 6-148 

Bias Voltages, 6-58 

Blocked-grig keying, 6-65 
BT-cut crystal, 6-21 

Buffer amplifier, 6-37 

Butler overtone oscillator, 6-27 


Calorimeter, 6-60 

Carbon microphone, 6-82 
Carrier, 6-63 

Carrier SUPPression, 6-100 
Cathode emitter, 6-4 

Cathode keying, 6-64 

ccs ratings, 6-8 

Ceramic microphone, 6-82 
Ceramic tubes, 6-7 
Characteristic impeaance, 6-120, 6-121 
Chirp, 6-63 

Choke modulation, 6-76 
Citizens Band transceiver, 6-116 
Clapp osciilator, 6-16, 6-17 
Class-B linear amplifier, 6-106 


INDEX 


Class-C amplifier, 6-31 
grid circuit, 6-34 
plate circuit, 6-35 
transistor, 6-36 
tuned r-f, 6-34 
Coaxial cable, 6-119 
Colpitts oscillator, 6-16 
Compressional crystal mode, 6-22 
Control grid, 6-5 
modulation, 6-78 
ratings, 6-5 
Continuous wave (CW), 6-3 
Coupling, 6-43 ` 
Cross-neutralization, 6-48 
Crystals 
action, 6-19 
axes, 6-20 
basic oscillator, 6-25 
characteristics, 6-24 
circuit, 6-24 
cuts, 6-20 
filter, 6-103 
harmonics, 6-22 
holder, 6-23 
lattice filter, 6-104 
microphone, 6-82 
oven, 6-23 
overtone oscillator, 6-27 
temperature coefficient, 6-21 
wafer, 6-20 
Current loops, 6-126 
Current nodes, 6-126 
CW, 6-3, 6-63 
CW-AM transmitter, 6-92 
CW transmitter, 6-45, 6-67 


Damped oscillations, 6-12 
Dc-to-dc converter, 6-111 
Dead-man's stick, 6-109 
Delta-match, 6-156 

Diode harmonic generator, 6-41 
Dipole, 6-141 

Direct FM, 6-94 

Direct waves, 6-136, 6-137 
Directivity pattern, 6-147 
Director element, 6-148 
Double sideband, 6-101 
Doublet, 6-141 

Driven element, 6-148 
Driver stage, 6-45 

Driving power, 6-5 
Dummy load, 6-60 
Dynamic microphone, 6-83 


Electric fields in free space, 6-133 
Electric lines of force, 6-135 
Electrical wavelength, 6-125 
Electromagnetic energy, 6-134 
Electromagnetic field, 6-133 
Electromagnetic wave, 6-133 
Emitter, 6-4 

External anode, 6-7 
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Feedpoint impedance, 6-146 
Final amplifier, 6-45 
Flexure crystal mode, 6-22 
Folded dipole antenna, 6-150 
Free-space wave, 6-134 
Frequency, 6-134 
Frequency doubler, 6-39, 6-41 
Frequency modulation (FM), 6-94 
Frequency multiplier, 6-38 
amplifier, 6-39 
tuning, 6-42 
Frequency quadrupler, 6-39 
Frequency tripler, 6-39, 6-41 
Fundamental antenna, 6-141 
Fundamental frequency, 6-22, 6-35 


Gas-filled rectifier diode, 6-9 
Grid-bias modulation, 6-78 
Grid drive, 6-34 

Grid neutralization, 6-47 

Grid tank, 6-34, 6-51 

Ground plane antenna, 6-152 
Ground-reflected waves, 6-137 
Ground waves, 6-136, 6-137 


Half-wave dipole, 6-141 
current distribution, 6-144 
directivity, 6-147 
resonance, 6-143 
voltage distribution, 6-144 

Half-wave doublet, 6-141 

Half-wavelength dimension, 

Harmonic frequencies, 6-35 

Harmonic generator, 6-41 

Harmonics, 6-22, 6-40 

Hartley oscillator, 6-15, 6-17 

Heising modulation, 6-76 

Horizontal polarization, 6-133 


6-142 


ICAS ratings, 6-8 
Impedance mismatch, 
Indirect FM, 6-96 
Taishi neutralization, 6-48 
Input circuit, 6-50 

Input power, 6-46, 6-60 
Insertion loss, 6-104 
lonizing potential, 6-10 
lonosphere, 6-139 


6-127 


Kennely-Heaviside layer, 6-139 


Key clicks, 6-63 
filter, 6-65 

Keyer tube, 6-64 

Keying, 6-63 
backwave, 6-63 
blocked-grid, 6-65 
cathode, 6-64 
chirp, 6-63 
CW, 6-63 
plate, 6-66 


LSS иии 
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i Oscillators (continued) 
p rr ed regenerative feedback, 6-13 
a rata 6-66 shock excitation, 6-14 
screen-grid, 


telegraphy, 6-63, 6-66 transistor, 6-17 


tuned-plate tuned-grid (TPTG), 6-18 
variable frequency oscillator (VFO), 6-28 
Output circuits, power amplifier, 6-55 
Output coupling, 6-56 
Output coupling networks, 6-57 
Output power, 6-60 
Output-signal power, 6-6 
Overload relay circuit, 6-113 
Overtones. See Harmonics 


L-network, 6-57 

tuning, 6-62 
Lambda, 6-124 
Lattice-type filter, 6-104 
Linear amplifier, 6-106 
Lines of force, 6-132 
Line-of-sight propagation, 6-138 
Line-of-sight reception, 6-137 
Longitudinal crystal mode, 6-22 
Long-wire antenna, 6-153 


Parasitic array, 6-148, 6-149 
Parasitic oscillation, 6-89 
Percent modulation, 6-70, 6-71 
Magnetic fields in free space, 6-133 Phasing method of sideband removal, 6-105 
Magnetic lines of force, 6-135 Phase modulation, 6-94, 6-98 
Marconi antenna, 6-151 Pi network, 6-53, 6-57 
Matching stub, 6-156 tuning, 6-62 
Mercury-vapor rectifier diode, 6-9 Pie winding, 6-44 
Metering, 6-59 Pierce oscillator, 6-26 , 
Microphones, 6-82, 6-83 Piezoelectric effect, 6-19, 6-82 
Modulate, 6-69 Plate, 6-6 
Modulated r-f amplifier, 6-74 Plate keying, 6-66 
Modulation, 6-74 Plate modulation, 6-76, 6-77, 6-88 
checking, 6-81 Plate neutralization, 6-47 
choke, 6-76 Plate power input, 6-6 
control-grid, 6-78 Plate tank, 6-34, 6-55 
envelope, 6-69 Positive ions, 6-10 
grid-bias, 6-78 Power amplifier, 6-45, 6-46 
Heising, 6-76 bias voltages, 6-58 
levels, 6-75 grid-tank circuit, 6-51 
plate, 6-76, 6-77, 6-88 input circuit, 6-50 
r-f amplifier, 6-74 Output circuit, 6-55 
Screen grid, 6-80 Push-pull, 6-54 
Stages, 6-86 single-ended, 6-53 
transformer, 6-77 Power distribution in AM wave, 6-73 
Modulator, 6-74 Propagation 
Modulator driver, 6-86 angle of radiation, 6-140 
Modulator stages, 6.88 direct waves, 6-136, 6-137 
Moving coil microphone, 6-83 


electric fields in tree space, 6-133 

electric lines of force, 6-135 

olectric wavelength, 6-125 

electromagnetic, 6-133, 6-134 

free-space wave, 6-134 

frequency, 6-134 

y ground-reflected waves, 6-137 

line, 6-119 ground waves, 6-136, 6-137 
horizontal polarization, 6-133 
ionosphere, 6-139 

Eur куут 14 Kennely-Heaviside layer, 6-139 

Colpitts, 6-16 lines of force, 6-132 

coupling, 6-29 line-of-sight, 6-137, 6-138 

crystal, 6-19 to 6-27 Magnetic, 6-133, 6-135 

harmonics, 6-22 radiation, 6-132 

Hartley, 6-15, 6-17 radiation Polarization, 6-133 

loading, 6-29 radio wave, 6-133 

losses, 6-12 refraction, 6-139 

Pierce, 6-26 Skip distance, 6-140 

Sky waves, 6-136, 6-139 


Neutralization, 6-42, 6-47 
Non-linear mixing Circuit, 6-69 


Open-wire transmission 
Oscillators, 6-11 
basic circuit, 6-13 


Propagation (continued) 
temperature inversion, 6-138 
velocity, 6-134 
velocity of propagation, 6-125 
vertical polarization, 6-133 
vertical radiation, 6-136 
wavefront, 6-135 
wavelength, 6-125, 6-134 
wave propagation, 6-136 

Push-pull amplifier, 6-52 

Push-pull frequency multiplier, 6-42 

Push-pull power amplifier, 6-54 


Q, 6-12 
Quartz crystal, 6-19 


Radiation, 6-132 
polarization, 6-133 
resistance, 6-146 

Radio communication, 6-1 

Radio signals, 6-2 

Radiotelegraphy, 6-3 

Radio wave, 6-133 

Reactance tube circuit, 6-94 

Rectifier tube, 6-9 

Reflector element, 6-148 

Refraction, 6-139 

Regenerative feedback, 6-13 

Resonant transmission line, 6-128, 6-129 

R-f choke, 6-44 

R-f excitation, 6-5 

Rhombic antenna, 6-155 

Ribbon lead, 6-119 

Ribbon microphone, 6-83 

Rochelle salt crystal, 6-9 

Running-time meter, 6-59 


Screen-grid keying, 6-66 
Screen-grid modulation, 6-80 
Shear mode, 6-22 
Shock excitation, 6-14 
Shorting stick, 6-109 
Sidebands, 6-72 
Sideband power, 6-73 
Sideband suppression, 6-102 
Single-ended power amplifier, 6-53 
Skip distance, 6-140 
Sky waves, 6-136, 6-139 
Snap diode, 6-41 
Snap-off diode, 6-41 
Solenoid winding, 6-44 
Speech amplifiers, 6-84 
Speech clipping and filtering, 6-90 
Split stator capacitor, 6-53 
SSB (Single Sideband) 
balanced bridge modulator, 6-101 
balanced modulator, 6-97, 6-100 
bandpass filter, 6-102 
basics, 6-99 
carrier suppression, 6-100 
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SSB (Single Sideband) (continued) 
crystal filter, 6-103 
crystal lattice filter, 6-104 
double-sideband, 6-101 
insertion loss, 6-104 
lattice type filter, 6-104 
phasing method of sideband removal, 6-105 
sideband suppression, 6-102 
suppressed carrier, 6-100 
transmitters, 6-107 

Standing waves, 6-127 

Standing wave ratio (SWR), 6-127, 6-156 

Step-recovery diode, 6-41 

Suppressed carrier, 6-100 

Surge impedance, 6-121 


Telegraphy, 6-63, 6-66 
Temperature coefficient, crys 
Temperature inversion, 6-138 
Thermocouple-type ammeter, 6-60 
Tourmaline crystal, 6-19 
Transceiver, 6-116 
Transistor oscillators, 6-17 
Transistor r-f amplifier neu! 
Transition time, 6-41 
Transmission lines, 6-118 

characteristic impedance, 

coaxial cable, 6-119 

coupling, 6-56 

current loop, 6-126 

current node, 6-126 

fields, 6-123 

impedance, 6-120 

impedance mismatch, 

line mismatch, 6-127 

open-circuited, 6-128 

open-end, 6-128 x 

n-wire line, 6-1 

Кю transmission line, 6-128, 6-129 

ribbon lead, 6-119 

section applications, 6-131 

section properties, 6-130 

short-circuited, 6121 

standing waves, 6-1 

шашы wave ratio (SWR), 6-127. 6-156 

surge impedance, 6-121 

terminated, 6-122 

termination, 6-122, 6-126 

twin lead, 6-119 

types, 6-119 

velocity of propagation, 

velocity propagation con: 
Transmitters 

AM, 6-74 

controls, 6-112 

control system, 6-115 

CW, 6-45, 6-67 

CW-AM, 6-92 

fundamental, 6-3 

metering, 6-59 

power supply, 6-108 

SSB, 6-107 


tal, 6-21 


tralization, 6-49 


6-120, 6-121 


6-127 


6-125 
stant, 6-125 
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Transmitting tubes, 6-4, 6-8 


Unilateralization, 6-49 
Tubes 


anode, 6-6 
cathode emitter, 6-4 
ceramic, 6-7 
control grid, 6-5 
control grid ratings, 6-5 
driving power, 6-5 
emitter, 6-4 
external anode, 6-7 
gas-filled rectifier, 6-9 
mercury-vapor rectifier diode, 6-9 
output-signal power, 6-6 
ratings, 6-8 
rectifier, 6-9 
r-f excitation, 6-5 
transmitting, 6-4 
plate, 6-6 
plate power input, 6-6 
Xenon-filled rectifier diode, 6-9 
Tuned-plate tuned-grid (TPTG) oscillator, 6-18 
Tuned r-f amplifier, 6-45 
Tuned r-f power amplifier, 6-46 
Tuning procedures, 6-61 
Twin lead, 6-119 


V-antenna, 6-154 

Variable-frequency oscillator (VFO), 6-28 
Velocity, 6-134 

Velocity microphone, 6-83 

Velocity of propagation, 6-125 

Velocity propagation constant, 6-125 
Vertical antenna, 6-151 

Vertical polarization, 6-133 

Vertical radiation, 6-136 


Wavefront, 6-135 
Wavelength, 6-124, 6-125, 6-134, 6-142 
Wave propagation, 6-136 


X-cut crystal, 6-20 
Xenon-filled rectifier diode, 6-9 


Yagi antenna, 6-148 
Y-cut crystal, 6-20 
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(Note: The first number of еас! 
the information is to be found; t 


A-c (alternating current), 2-1 
generator, 2-10 
in inductor, 2-39 
Instantaneous value, 2-14 
Introduction to, 2-1 
Magnetic field, 2-22 
meters, 2-132 
In parallel R-L circuits, 2-43 
Peak value, 2-14 
Power, 2-92 
In R-L circuits, 2-35 
n In R-L series circuits, 2-35, 2-40 
cceptor, 5-5 
=ч power supply, 3-45 
"C—d-c superheterodyne receiv- 
er, 4-39 
A-c plate resistance, 3-20 
Арван bandwidth, 4-46 
FC (automatic frequency con- 
trol), 4-110 
A tora transformer, 2-51 
^; (automatic limit control), 6-91 
'gnment, 4-40 
Alnico, 1-100 
Alpha, 5-18 
ect frequency, 5-21 
lernating current. See A-c 
Alternating voltage, 2-1 
in R-L circuits, 2-35 
Alternation, 2-12 
Altitude, 2-3 
Aluminum, 1-30 
(amplitude m 
d is odulation), 3-129, 
bandwidth, 6-72 
modulation envelope, 6-69 
Percent modulation, 6-70, 6-71 
Sideband power, 6-73 ' 
sidebands, 6-72 
transmission,~6-69 
transmitter, 6-74 
Peg power distribution, 6-73 
AEN transmitter, 6-92 
AMI Wire Gage, 1-61, 1-139 
hee supathelsroayite receiver, 


Ammeter, 1-75, 1-127 
thermocouple-type, 6-60 


Ampere, 1-36 
Andre Marie, 1-36 
hour, 1-50 
turns, 1-112, 1-115, 2-53 
Amplification, 3-56 
calculation, 3-66 
factor, 3-19, 5-18 
r-t, 3-109 
voltage, 3-66 
Amplifier(s) 
audio driver, 5-53 
audio frequency, 3-75 
bias voltage, 6-58 
buffer, 6-37 
cathode follower, 3-89 
Class-A, 3-70, 3-99 
Class-AB, 3-72 
Class-B, 3-71, 3-100, 6-106 
Class-C. See Class-C amplifier 
common base, 5-24, 5-25 
common collector, 5-24, 5-29 
common emitter, 5-24, 5-27 
complementary symmetry push- 
pull, 5-56 
coupling, 3-81—3-90, 3-111 
decibel, 3-77 
decoupling, 3-90 
differential, 4-53, 5-72 
distortion, 3-76, 3-98 
double-ended output stage, 5-55 
driver, 6-45 
dynamic characteristics, 3-57 
final, 6-45 
feedback, 3-103 
frequency response, 3-79 
grid-bias, 3-63, 3-73, 3-74, 3-115 
grounded-base, 5-24 
grounded-collector, 5-24 
grounded-emitter, 5-24 
grounded-grid, 3-88 
grounded-plate, 3-89 
1-Е, 4-26, 4-27, 4-81, 5-49 
impedance matching, 3-101 
linear, 5-72, 5-73, 6-106 
load line, 3-59 
loop, 4-3€ 
modulator driver, 6-86 
multi-purpose linear, 5-73 
operating point, 3-64, 3-70 


h entry identifies the volume in which 
he second number identifies the page.) 


Amplifier(s) (continued) 
paraphase, 3-93 
phase Inverter, 3-91—3-93 
phase relationships, 3-67 
power. See Power amplifier 
preamplifier, 5-39 
push-pull. See Push-pull ampli- 
fier 
rf, 4-18, 4-77, 5-43, 6-45, 6-46, 
6-74 
single-ended output, 5-54 
single-ended power, 6-53 
speech, 6-84 
tuned r-f, 6-45, 6-46 
voltage, 3-56, 3-75 
Amplitude 
distortion, 3-76 
modulation. See AM 
Angle of radiation, 6-140 
Angular rotation, 2-2 
Anode, 3-5, 6-6 
Antenna(s) 
beam type, 6-148 
circuits, 4-5 
delta match, 6-156 
dimensions, 4-75 
dipole, 6-141 
directivity pattern, 6-147 
director element, 6-1 
doublet, 6-141 
driven element, 
feeding, 6-156 
feedpoint impe 
ferri-loopstick, 4-36 
ferrite-rod, 5-43 
FM receiving, 4-74 
folded dipole, 4-75, 
fundamental type, 6- 
ground-plane, 6-152 
half-wave dipole. See 
dipole antenna 
half-wave doublet, 6-141 
half-wavelength dimension, 
6-142 
half-wave volta 
6-144 
impedance, 6-145 
input impedance, 
loop, 4-36 


6-148 


dance, 6-146 


Half-wave 


ge distribution, 


6-146 
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Antenna(s) (continued) 
long-wire, 6-153 
Marconi, 6-151 
matching, 6-156 
Parasitic array, 6-148, 6-149 
radiation resistance, 6-146 
reflector element, 6-148 
resistance, 6-145 
thombic, 6-155 
Standing wave ratio (SWR), 
6-127, 6-156 
transformer, 4-6 
V-type, 6-154 
vertical, 6-151 
wavelength, 6-142 
Yagi, 6-148 
Antimony, 5-2, 5-4 
Apparent power, 2-93 
Arc, 1-19 
Armature, 1-114, 1-117, 2-10 
Armstrong oscillator, 3-116 
Armstrong phase-modulation cir- 
Cuit, 6-97 
A-supply, 3-7 
AT-cut crystal, 6-21 
Atom, 1-9 
Atomic Magnets, 1-103 
Atomic Structure, 5-2 
Audio frequencies, 3-75 
Audion, 3-1 
Audio transformer, 2-47 


Automatic frequency control (АЕС), 
4-110 


Automatic limit Control (ALC), 
6-91 


Automatic volume Coi 
4-31 
Autotransformer, 2-58 
Avalanche diode, 5-62 
Avalanche effect, 5.62 
AVC (automatic vol 
4-31, 5-51 
delayed AVC, 4.34 
delayed апд amplified АУС 
(DAVC), 4-35 
Average value, 2-15 
A-voltage, 3-12 


ntrol (AVC), 


‘ume control), 


Back emf, 2-24 
Backwave, 6-63 
Balanced-bridge m 
Balanced modulat 
6-100 

Ballast registor, 1-64 
Bandpass filter, 2-131, 6-102 
Bandspread tuning, 4-45 
Bandwidth, 6-72 

adjustable, 4-46 
Barium titanate crystal, 6-82 
Base, 2-3, 5-12 
Basic cell, 1-40 
Basic transistor circuits, 5-24 
Basing, tube, 3-28 
Bass control, 4-29 


odulator, 6-101 
Of, 4-59, 6.97, 
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Battery, 1-33, 1-39, 1-40, 1-51 
charger, 1-45 
eliminator, 5-57 
Symbol, 1-51 

Beam antenna, 6-148 

Beam-power tube, 3-25 

Beat frequencies, 4-19 

Beat frequency oscillator (BFO), 

4-47 


Beta, 5-28 
BFO (beat frequency oscillator), 
4-47 
Bias, 3-12 
fixed, 3-73 
grid, 3-63 
grid-leak, 3-74, 3-115, 4-85 
oscillator, 3-115 
Self-, 3-73, 3-74 
voltages, 6-58 
Bipolar transistor, 5-70 
Bleeder resistor, 3.42 
Blocked-grid keying, 6-65 


Blocking capacitor, 3-81 
Bohr 


atom, 1-10 

Niels, 1-10 
Bound electron, 1-12 
Breakdown voltage, 5-62 
Brown and Sharpe Gage, 1-61 
B-supply, 3-7, 3.30 
BT-cut crystal, 6-21 
Bucking, 1-116 
Buffer amplifier, 6-37 
Bunching grid, 3-178 
Butler overtone oscillator, 6-27 
Buzz control, 4-106 
B-voltage, 3-12 
Bypassing, 3-90 


Calorimeter, 6-60 
Capacitance, 2-61 
interelectrode, 3-69 
Parallel, 2-89 
Series, 2-81 
Unit of, 2-70 
Capacitative a-c circuit, 2-92 
Capacitative reactance, 2.82, 2-83 
Capacitor(s), 1-27, 5-76 
action with a-c, 2-68 
bathtub, 2-73 
blocking, 3-81 
Ceramic, 2-74 
Charging, 2-62 
Color-code, 2.76 
Coupling, 3-81, 6-43 
disc, 2-74 
discharging, 2-67 
electric field, 2-66 
electrolytic, 2.78 
filter, 3-37 
fixed, 2-73 
glass, 2-75 
"input filter, 3-40 


Capacitor(s) (continued) 
metallized, 2-73 
mica, 2-74 
padder, 4-21 
paper, 2-73 
in parallel, 2-80 
phase shift in, 2-69 
plastic, 2-75 
in series, 2-81 
split stator, 6-53 
tantalum, 2-79 А 4 
temperature coefficient, 
tubular, 2-73 
variable, 2-77, 4-11 
working voltage, 2-73 
Carbon 
atom, 1-10 
microphone, 3-107, 6-82 
Carborundum crystal, 4-7 
Carrier(s) 
current, 5-5 
envelope, 4-63 
majority, 5-10 
minority, 5-10 
suppression, 6-100 
wave, 3-129 
Cascaded amplifier, 3-75. 
Cascode r-f amplifier, 4-78 
Cat whisker, 4-7, 5-1, 5-11 
Catcher grid, 3-128 
Cathode, 3-3 
bias, 3-73 
emitter, 6-4 
follower, 3-89 
keying, 6-64 
virtual, 3-25 
CCS ratings, 6-8 
Cell, 1-33, 1-40 
fuel, 1-47 
Le Clanche, 1-41 
lead-acid, 1-44 
mercury, 1-43, 5-57 
nickel-cadmium, 1-46, 
primary, 1-40—1-43 
secondary, 1-44—1-46 
solar, 1-48 
storage, 1-44 
symbol, 1-51 
zine carbon, 1-41, EU 
zinc-mercury oxide, 1~ 
Centertap, 2-54 
Centrifugal force, 1-11 
Ceramic microphone 
Ceramic tubes, 6- 
Characteristic curves: oe 120 
Characteristic impedan 
6-121 
Charged surfaces, үе Ж? 144 
Charges, electrical, 1-3 
Charging 
current, 2-64 
voltage, 2-64 
Chemical effect, 1-38 
Chirp, 6-63 
Choke coil, 3-39 


-76 


3.90 


5-57 


6-82 


Choke-input filter, 3-41 
Choke Modulation, 6-76 
Circle, analysis of, 2-2 
Circuit(s), 1-54, 1-74 
Capacitative, 2-92 
Closed, 1-55 
common base, 5-24 
Common collector, 5-24 
Common emitter, 5-24 
Converter, 4-79 
Crystal, 6-24 
Current, 1-57 
diagrams, 5-22 
grounded base, 5-24 
rounded collector, 5-24 
Srounded emitter, 5-24 
heater, 3.50 
hybrid integrated, 5-71 
inductive, 2-34 
input, 6-50 
integrated, 5-71—5-76 
limiter, 4.70, 4-84 
mixer, 4-79 
mixer-oscillator, 5-47 
mixing, 4-23 
Monolithic, 5.71 
Multiplex stereo FM, 4-124 
Non-linear mixing, 6-69 
Notch, 4-51 
null, 4-51 
Open, 1.54 
Output, 6-55 
Overload relay, 6-113 
Parallel. See Parallel circuits 
Phase-modulation, 6-97 
R-C, 2-86 
resistive a-c, 2-92 
resonant, 2-112 
t-f amplifier, 4-77 
Series, See Series circuits 
Shunt, 1-88 
Squeich, 4-55 
tank, 2-124 
transistor, 5-24 
triode, 3-14 
tuned, 4-9 
UJT-controlled relay, 5-66 
eu also Class-C amplifier 
ular mil, 1-61 
Circulating current, 2-123 
GH ence 2-2 
eee Band receiver, 4-56 
Clann Band transceiver, 6-116 
Р oscillator, 6-16, 6-17 
Sunes amplifier, 3-70, 3-99 
Gi S-AB amplifier, 3-72 
а55-В amplifier, 3-71, 3-100 
linear, 6-106 \ 
Class-c amplifier, 3-72, 6-31 
Grid circuit, 6-34 j 
Plate circuit, 6-35 
transistor, 6-36 
tuned r-f, 6-34 
Closed Circuit, 1-55 
Coaxial Cable, 4-76, 6-119 
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Coil, 1-111 
voice, 3-101, 3-105 
Cold-cathode emission, 3-3 
Collecior, 5-12 
neutralization, 5-49 
vollage-current characteristics, 
5-17 
Color code for resistors, 1-63 
Colpitts oscillator, 3-120, 5-45, 
6-16 
Common base amplifier, 5-25 
Common base circuit, 5-24 
Common collector amplifier, 5-29 
Common collector circuit, 5-24 
Common emitter amplifier, 5-27 
Common emitter circuit, 5-24 
Communications receivers, 4-42 
Commutator, 1-117 
Complementary symmetry push- 
pull amplifier, 5-56 
Complex wave, 2-14 
Components, 5-74 
Compounds, 1-8 
Compressional crystal mode, 6-22 
Condenser, 1-27, 2-61 
Conductance, 1-30 
Conductors, 1-30 
Contact charging, 1-15 
Continuous wave. See CW 
Control grid, 3-12, 6-5 
modulation, 6-78 
ratings, 6-5 
Control tube, 3-54 
Converter, 4-24, 5-48 
circuit, 4-79 
pentagrid, 4-24 
Copper, 1-30 
atom, 1-10 
losses, 2-57 
oxide rectifier, 2-132 
Core saturation, 2-27 
Cosine, 2-3 
Coulomb, 1-36 
Charles, 1-36 
Counter emf, 2-24 
Coupling, 3-75, 3-111, 6-43 
capacitor, 3-81, 6-43 
coefficient, 2-30 
direct, 3-87, 5-38 
inductive, 2-29 
interstage, 5-37 
link, 6-43 
output, 6-56, 6-57 
R-C, 3-81 
transformer, 3-86, 3-110, 5-37 
of transmission lines, 6-56 
Covalent bond, 5-3 
Cross-neutralization, 6-48 
Crystal(s), 1-9, 5-3 
action, 6-19 
AT-cut, 6-21 
axes, 6-20 
barium titanate, 6-82 
basic oscillator, 6-25 
BT-cut, 6-21 
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Crystal(s) (continued) 
Butler overtone, 6-27 
characteristics, 6-24 
circuit, 6-24 
compressional mode, 6-22 
cuts, 6-20 
detector, 4-7 
fillers, 4-46, 6-103, 6-104 
flexure mode, 6-22 
fundamental frequency, 6-22 
galena, 4-7, 5-11 
harmonis, 6-22 
holder, 6-23 
lattice filter, 6-104 
longitudinal mode, 6-22 
microphone, 3-108, 6-82 
oven, 6-23 
overtone oscillator, 6-27 
quartz, 6-19 
receiver, 4-7 
rochelle salt, 6-19 
shear mode, 6-22 
temperature coefficient, 6-21 
tourmaline, 6-19 
wafer, 6-20 
X-cut, 6-20 
Y-cut, 6-20 

Current, 1-28, 1-51 
amplification factor, 3- 
capacity, 1-50, 1-51 
carriers, 5-5 
distribution. See Curren 

bution 

discharge, 2-65, 2-67 
feedback, 3-104 
flow, 2-110, 2-122 
gain, 5-34 
grid, 3-13 
leakage, 2-76 
loops, 6-126 
nodes, 6-126 
Ohm's Law for, 1-66 
peak plate, 3-34 
plate, 3-7 

Current distribution Y " 
in parallel L-C circuit, 2-11 % 
in parallel L-C-R circuit, 2-1 
in parallel R-L circuit, 243 i 
in parallel resonant L-C circuit, 

2-122 

in series L- 


19, 5-18 


t distri- 


C circuit, 2-102 
in series R-C circuit, 2-86 
in series R-L circuit, 2-40 

Current-turns ratio, 2-53 

Cutoff, 3-16 
frequency, 5-21 
projected, 3-100 
remote, 3-26 
sharp, 3-26 

C-voltage, 3-12, 3-20 

CW (continuous wave), 3 
signal, 4-47 
transmitter, 6-45, 

CW-AM transmitter, 

Cycle, 2-11 


-129, 6-3 


6-67 
6-92 
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Damped oscillation, 3-113, 6-12 
D'Arsonval meter, 1-222, 1-223 
DAVC (delayed and amplified 
AVC), 4-35 
D-c (direct current), 1-56 
D-c motor, 1-117 
D-c plate resistance, 3-9, 3-20 
D-c to d-c converter, 6-111 
Dead-man's stick, 6-109 
Decibel, 3-77 
Decoupling, 3-90, 5-37 
De-emphasis, 4-116 
De Forest, Lee, 3-1 
Degeneration, 5-32, 5-40 
Degenerative feedback, 3-104 
Delayed and amplified AVC 
(DAVC), 4-35 
Delayed AVC, 4-34 
Delta, 3-10 
match, 6-156 
Demodulation, 3-130 
Demodulator(s), 4-28 
See also Detector(s) 
Depletion region, 5-68 
Depolarizer, 1-41 
Detector(s), 4-28 
diode, 3-131 
first, 4-22 
FM slope, 4-87 
gated-beam FM, 4-107 
grid-leak, 3-133 
infinite-impedance, 3-134 - 
linearity, 3-131 
plate, 3-134 
ratio, 4-97 
Second, 4-28 
Deviation ratio, 4-69 
Diameter, 2-2 
Dielectric, 1-31, 2.61 
Constant, 2-72 
Difference frequency, 4-19 
Difference Potential, 1-26 
Differential amplifier, 4-53, 5-72 
Diffusion, 5-74 
Diode(s), 1-32, 2-132, 3-5 
avalanche, 5-62 
characteristics, 3-11 
detector, 3-131, 4-28, 5-51 
four layer PNPN, 5.64 
gas-filled rectifier, 6-9 
Junction, 2-132, 5-7 
mercury-vapor rectifier, 6-9 
Point-contact, 5-11 
snap, 6-41 
snap-off, 6-41 
stabilization, 5-36 
step-recovery, 6-41 
tunnel, 5-63 
varactor, 4-113 
xenon-filled rectifier, 6-9 
zener, 3-53, 5-62 
Dipole, 6-141 
Direct coupling, 3-87, 5-38 
Direct current (d-c), 1-56 
Direct FM, 6-94 
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Direct waves, 6-136, 6-137 
Directivity pattern, 6-147 
Director element, 6-148 
Discharge current, 2-65, 2-67 
Discharging, 1-18—1-20 
Discriminator, 4-87—4-90 
double-tuned, 4-88 
Foster-Seeley, 4-90 
Distortion, 3-65, 3-76, 3-98 
phase, 3-76 
Donor, 5-4 
Doping, 5-4 
Double-ended output stage, 5-55 
Double sideband (DSB) signal, 
4-59, 6-101 
Doublet, 6-141 
Double-tuned discriminator, 4-88 
Driven element, 6-148 
Driver stage, 6-45 
Driving power, 6-5 
Dry cell, 1-41 
DSB (double Sideband) signal, 
4-59, 6-101 
Dual conversion, 4-43 
Dutay, Charles, 1-4 
Dummy load, 6-60 
Duo-diode, 3-5 
Dynamic characteristics, 3-11, 
3-57 
Dynamic curves, 3-8 
Dynamic microphone, 3-108, 6-83 
Dynamic Speaker, 3-106 


Dynamic transfer characteristics, 


3-61 
Curve, 5-34 


Earphone Jack, 5-53, 5-54 

Eddy Currents, 2-57 

Edgewise Meter, 1-123 

Edison, Thomas А., 3-1 

Edison effect, 3-1 

Effective resistance, 2-112 

Effective value, 2-16 

Electric current, 1-28, 1-36 

Electric fields, 1-21, 2-66, 6-133 

Electric lines of force, 6-135 

Electrical energy Storage, 1-27 

Electrical equilibrium, 1-11 

Electrical force, 1-11 

Electrical horsepower, 1-70 

Electrical Power, 1-70 

Electrical symbols, 1-74 

Electrical Wavelength, 6-125 

Electricity, 1.7 
discovery of, 1-2 
Static, 1-27 

Electrode(s), 1-40, 3-2 

Electrodynanometer wattmeter, 

1-136 

Electrolyte, 1-40, 1-44, 2-78 

Electromagnet, 1-111, 1-114 

Electromagnetism, 1-99, 1-109, 

6-133, 6-134 
Electromotive force (emf), 1-33 


Electron-coupled oscillator, 3-122 
Electron(s), 1-2, 1-7 

bound, 1-12 

drift, 1-28, 1-37 

free, 1-13—1-34 

pair-bond, 5-3 

planetary, 1-10, 1-11 

tube. See Tube 

velocity, 1-37 
Electrostatic(s), 1-27 

field, 3-13 
Elements, chemical, 1-8, 1-10 

See also Individual ве 
Emt (electromotive force), 1-3: 
Emission 

cold-cathode, 3-3 

electron, 3-3 

Photoelectric, 3-3 

secondary, 3-3, 3-23 

thermionic, 3-3, 3-4 
Emitter, 5-12, 6-4 
Emitter-follower, 5-29 
Etch, 5-74, 5-76 
Even-order harmonics, 6-40 
Exponential curve, 2-94 
External anode, 6-7 


Farad, 2-70 os 
Faraday, Michael, 1-22, 1- 
2-70 
Family of curves és 
grid characteristic curv es 
plate characteristic curve? 
Feedback, 3-69, 3-103 
tickler, 3-116 
voltage, 3-104 P 
Feedpoint impedance, e 
Ferri-loopstick antenna, 
Ferrite(s), 1-38, 2-51 
Ferrite-rod antenna, ER a 
FET (Field Effect Trane? 
depletion region, 5-6 | Etfect 
Insulated Gale песо 
Transistor (IGFET), пдис\о! 
Metal Oxide Trans 
Field Effect 
(MOSFET), 5-69 
n-channel MOSFET, 5-69 
n-type JFET, 5-67 
p-channel MOSFET, 5-70 
p-type JFET, 5-68 
pinch-off, 5-68 
Fidelity, 5-4 
Field coil, 1-117, 3-106 or FET 
Field Effect Transistor- 
Filament, 3-3, 3-4 
Filter(s), 3-30 
bandpass, 2-131, 6-102 
band-reject, 2-131 
choke, 3-39 
fundamentals, 2-129 
high-pass, 2-130 
low-pass, 2-130 
mechanical, 4-48 


3-17 


Filter(s) (continued) 
pi, 3-40 
RC, 3-42 

Final amplifier, 6-45 

First detector, 4-22 

Fixed bias, 3-73 

Fleming, J. A., 3-1 

Flexure crystal mode, 6-22 

Flux density, 1-106 

FM (frequency modulation), 4-64 
antenna, 4-74 
buzz control, 4-106 
de-emphasis, 4-116 
deviation ratio, 4-69 
direct, 6-94 
discriminator, 4-87—4-90 
fundamentals of, 4-64 
gated-beam FM detector, 4-107 
grid-leak bias limiting, 4-85 
guardband, 4-67 
indirect, 6-96 
limiter circuit, 4-70 
limiting, 4-83 
Modulation index, 4-69 
Multiplex stereo FM, 4-117, 

4-124 

noise, 4-70 
Plate circuit limiter, 4-84 
pre-emphasis, 4-71 
ratio detector, 4-97 
receivers, 4-70 


SCA (Subsidiary Communica- 


lions Authorization), 4-118 
Sidebands, 4-67 
Slope detector, 4-87 
Stereophonic, 4-113 
Stereo reception, 4-120 
Subcarrier, 4-117 
transmitter, 4-72 
tuner, 4-114, 5-43 
Folded dipole antenna, 4-75, 
6-150 
Forward-biased Junction, 5-9 
Forward breakover Voltage, 5-64 
Foster-Seeley discriminator, 4-90 
Four-layer (PNPN) diode, 5-64 
Franklin, BenJamin, 1-4 
Free electron, 1-13—1-34 
Free-space wave, 6-134 
Frequency, 2-12, 6-134 
allocation, 4-2 
audio, 3-75 
beat, 4-19 
Cutoff, 5-21 
difference, 4-19 
distortion, 3-76 
doubler, 6-39, 6-41 
fundamental, 6-22, 6-35 
modulation. See FM 
multiplier, 6-38, 6-39, 6-42 
quadrupler, 6-39 
Tesonant, 2-108, 2-121 
Tesponse, 3-79, 5-21 
ripple, 3-34 
Spectrum, 4-2 
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Frequency (continued) 

tripler, 6-39, 6-41 

ultra-high (UHF), 4-2 

very high (VHF), 4-2 

very low (VLF), 4-2 
Fuel cell, 1-47 
Full-wave rectifier, 3-35 
Full-wave voltage doubler, 3-48 
Fundamental antenna, 6-141. 


Fundamental frequency, 6-22, 6-35 


Fuse, 1-38, 1-97 
Fusible resistor, 3-46 


Gain, 3-56, 3-84 
Galena crystal, 4-7, 5-11 
Gas-filled rectifier diode, 6-9 
Gas tube, 3-51 
Gated-beam FM detector, 4-107 
Gauss, 1-105 
Generating a-c, 2-8 
Generation of emf, 1-39 
Generator, 1-39, 1-118 
Germanium, 1-32, 5-2, 5-3 
Getter, 3-2 
Gilbert, William, 1-2 
Grid, 3-12 
bias, 3-63, 6-78 
bunching, 3-128 
characteristic curves, 3-17 
current, 3-13 
drive, 6-34 
limiter, 4-105, 4-106 
neutralization, 6-47 
quadrature, 4-105 
screen, 3-22 
suppressor, 3-24 
tank, 6-34, 6-51 
Grid-leak 
bias, 3-74, 3-115, 4-85 
detector, 3-133 
Grounded base circuit, 5-24 
Grounded collector circuit, 5-24 
Grounded emitter circuit, 5-24 
Grounded-grid amplifier, 3-88 
Grounded-plate amplifier, 3-89 
Ground plane antenna, 6-152 
Ground-reflected waves, 6-137 
Ground waves, 6-136, 6-137 
Guardband, 4-67 


Half-wave dipole antenna, 4-74, 


6-141 

current distribution, 6-144 

directivity, 6-147 

resonance, 6-143 

voltage distribution, 6-144 
Half-wave doublet, 6-141 
Half-wavelength dimension, 6-142 
Half-wave rectifier, 3-34 
Half-wave voltage doubler, 3-43 
Harmonic(s), 6-22, 6-40 

frequencies, 6-35 

generator, 6-41 
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Hartley oscillator, 8-117, 5-44, 
6-15 
series-fed, 6-15 
shunt-fed, 6-15 
transistorized, 6-17 
Heat effect, 1-38 
Heater, 3-4 
circuit, 3-50 
Heat sinks, 5-35 
Heising modulation, 6-76 
Henry, 2-27 
Heptode, 3-27 
Hertz, 2-12 
Heterodyne, 4-17 
Heterodyning, 4-19 
High frequency (HF), 4-2 
oscillator, 3-121 
High-mu, 3-19 
High-Q, 2-112 
Hole, 5-5, 5-6 
Horizontal polarization, 6-133 
Hosepower, 1-70 
Hybrid integrated circuit, 5-71 
Hydrogen, 1-9 
atom, 1-10 
Hydrometer, 1-44 
Hypotenuse, 2-3 
Hysteresis, 2-57 


1C(s), 1-32 
capacitor, 5-76 
components, 5-74 
construction, 5-74 
differential amplifier, 
diffusion, 5-74 
etch, 5-74, 5-76 
hybrid circuit, 5-71 
linear amplifier, 5-72, 5-79 
mask, 5-74 
metallic interconnection, 5-74 

nolithic circuit, 5- » 
multi-purpose linear amplifier, 
5-73 
photo-resist, 5-74 
resistors, 5-76 
silicon dioxide, 5-74 
substrate, 5-71 
thick film, 5-71 
thin film, 5-71, 5-76 
ICAS ratings, 6-8 
IF (intermediate trequenty), 
4-19, 4-22 
amplifier, 4-26, 
bandpass, 4-82 
IGFET (Insulated Gat 
fect Transistor), 5-69 

Image frequency, 4-25 

Impedance, 2-36 ag 
in antennas, 6-1 
calculation of, 2-101, 2-104 
characteristic, 6-120, 6-121 
coupling, 3-85, 3-110, 5-38 
feedpoint, 6-146 
ome determination of 2-38 


5-72 


4-17, 


4-27, 4-81, 5:49 


е Field Ei- 
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Damped oscillation, 3-113, 6-12 
D'Arsonval meter, 1-222, 1-223 А 
ОАМС (delayed апа amplified 
AVC), 4-35 

D-c (direct current), 1-56 

D-c motor, 1-117 

D-c plate resistance, 3-9, 3-20 
D-c to d-c converter, 6-111 
Dead-man's stick, 6-109 

Decibel, 3-77 

Decoupling, 3-90, 5-37 
De-emphasis, 4-116 

De Forest, Leo, 3-1 

Degeneration, 5-32, 5-40 
Degenerative feedback, 3-104 
Delayed and amplified Avo 


(DAVC), 4-35 
Delayed AVC, 4-34 
Delta, 3-10 


match, 6-156 
Demodulation, 3-130 
Demodulator(s), 4-28 
See also Detector(s) 
Depletion region, 5-68 
Depolarizer, 1-41 
Detector(s), 4-28 
diode, 3-131 
first, 4-22 
FM slope, 4-87 
gated-beam FM, 4-107 
grid-leak, 3-133 
infinite-impedance, 3-134 - 
linearity, 3-131 
Plate, 3-134 
Tatio, 4-97 
Second, 4-28 
Deviation ratio, 4-69 
Diameter, 2.2 
Dielectric, 1-31, 2-61 
Constant, 2-72 
Difference frequency, 4-19 
Difference Potential, 1-26 
Differential amplifier, 4-53, 5-72 
Diffusion, 5-74 
Diode(s), 1-32, 2-132, 3-5 
avalanche, 5-62 
characteristics, 3-11 
detector, 3-131, 4-28, 5-51 
four layer PNPN, 5-64 
gas-filled rectifier, 6-9 
Junction, 2-132, 5-7 
mercury-vapor rectifier, 6-9 
Point-contact, 5-14 
Snap, 6-41 
Snap-off, 6-41 
stabilization, 5-36 
Step-recovery, 6-41 
tunnel, 5-63 
varactor, 4-113 
xenon-filled rectifier, 6.9 
zener, 3-53, 5-62 
Dipole, 6-141 
Direct coupling, 3-87, 5-38 
Direct current (d-c), 1-56 
Direct FM, 6-94 
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Direct waves, 6-136, 6-137 
Directivity pattern, 6-147 
Director element, 6-148 
Discharge current, 2-65, 2-67 
Discharging, 1-18—1-20 
Discriminator, 4-87—4-90 
double-tuned, 4-88 
Foster-Seeley, 4-90 
Distortion, 3-65, 3-76, 3-98 
phase, 3-76 
Donor, 5-4 
Doping, 5-4 
Double-ended output stage, 5-55 
Double sideband (DSB) signal, 
4-59, 6-101 
Doublet, 6-141 
Double-tuned discriminator, 4-88 
Driven element, 6-148 
Driver stage, 6-45 
Driving power, 6-5 
Dry cell, 1-41 
DSB (double Sideband) signal, 
4-59, 6-101 
Dual conversion, 4-43 
Dufay, Charles, 1-4 
Dummy load, 6-60 
Duo-diode, 3-5 
Dynamic characteristics, 3-11, 
3-57 
Dynamic curves, 3.8 
Dynamic microphone, 3-108, 6-83 
Dynamic Speaker, 3-106 


Dynamic transter characteristics, 
3-61 


Curve, 5-34 


Earphone Jack, 5-53, 5-54 

Eddy Currents, 2-57 

Edgewise meter, 1-123 

Edison, Thomas A., 3-1 

Edison effect, 3-4 

Effective resistance, 2-112 

Effective value, 2-16 

Electric Current, 1-28, 1-36 

Electric fields, 1-21, 2-66, 6-133 

Electric lines of force, 6-135 

Electrical energy Storage, 1-27 

Electrical equilibrium, 1-11 

Electrical force, 1-11 

Electrical horsepower, 1-70 

Electrical power, 1-70 

Electrical Symbols, 1-74 

Electrical wavelength, 6-125 

Electricity, 1-7 
discovery of, 1-2 
static, 1-27 

Electrode(s), 1-40, 3-2 

Electrodynanome 

1-136 
Electrolyte, 1 


ter wattmeter, 


› 1-40, 1-44, 2-78 
Electromagnet, 1-111, 1-114 


Electromagnetism, 1-99, 1-109, 
6-133, 6-134 


Electromotive torce (emf), 1-33 


Electron-coupled oscillator, 3-122 
Electron(s), 1-2, 1-7 

bound, 1-12 

drift, 1-28, 1-37 

free, 1-13—1-34 

air-bond, 5-3 

ЕН 1-10, 1-11 

tube. See Tube 

velocity, 1-37 
Electrostatic(s), 1-27 

field, 3-13 EF 

ts, chemical, 1-8, 1 

ks individual алей 
Ет! (electromotive force), 
Emission 

cold-cathode, 3-3 

electron, 3-3 

Photoelectric, 3-3 

secondary, 3-3, 3-23 

thermionic, 3-3, 3-4 
Emitter, 5-12, 6-4 
Emitter-follower, 5-29 

ch, 5-74, 5-76 
posl harmonics, 6-40 
Exponential curve, 2-94 
External anode, 6-7 


Farad, 2-70 
Faraday, Michael, 1-22, 
2-70 кб 
Family of curves E 
grid characteristic ed 3-18 
plate characteristic © 
Feedback, 3-69, 3-103 
tickler, tue 
voltage, 3-10. 
Feedpoint [речине к 
Ferri-loopstick ant? 
Ferrite(s), 1-38, 2-5 "n 
Ferrite-rod antenna, isto) 
FET (Field Effect Td Гаа 
depletion region, Fiold Е 
Insulated Gate T 5-69 
Transistor IGFET соп Ер, 
Metal Oxide Trans 
Field Effect 
(MOSFET), en 
n-channel aei Й 
-type JFET, 5- „70 
P-channel MOSFET, 5 
p-type JFET, 5-68 
pinch-off, 5-68 
Fidelity, 4-4 E a 
Field coil, 1-117, 3 tor. 500 [1 
Field Effect Transis 
Filament, 3-3, 3-4 
Filter(s), 3-30 7 6-102 
bandpass, 2-13 e. 
band-reject, 2-1 
choke, 3-39 
fundamentals, ete 
high-pass, 2-13 
low-pass, UR 
mechanical, 4 


1:105 
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Filter(s) (continued) 
pi, 3-40 
R-C, 3-42 
Final amplifier, 6-45 
First detector, 4-22 
Fixed bias, 3-73 
Fleming, J. A., 3-1 
Flexure crystal mode, 6-22 
Flux density, 1-106 
FM (frequency modulation), 4-64 
antenna, 4-74 
buzz control, 4-106 
de-emphasis, 4-116 
deviation ratio, 4-69 
direct, 6-94 
discriminator, 4-87—4-90 
fundamentals of, 4-64 
gated-beam FM detector, 4-107 
grid-leak bias limiting, 4-85 
Quardband, 4-67 
indirect, 6-96 
limiter circuit, 4-70 
limiting, 4-83 
Modulation index, 4-69 
Multiplex stereo FM, 4-117, 
4-124 
noise, 4-70 
Plate circuit limiter, 4-84 
Pre-emphasis, 4-71 
ratio detector, 4-97 
receivers, 4-70 
SCA (Subsidiary Communica- 
lions Authorization), 4-118 
Sidebands, 4-67 
Slope detector, 4-87 
Stereophonic, 4-113 
Stereo reception, 4-120 
Subcarrier, 4-117 
transmitter, 4-72 
tuner, 4-114, 5-43 
Folded dipole antenna, 4-75, 
6-150 
Forward-biased junction, 5-9 
Forward breakover voltage, 5-64 
Foster-Seeley discriminator, 4-90 
Four-layer (PNPN) diode, 5-64 
Franklin, Benjamin, 1-4 
Free electron, 1-13—1-34 
Free-space wave, 6-134 
Frequency, 2-12, 6-134 
allocation, 4-2 
audio, 3-75 
beat, 4-19 
Cutoff, 5-21 
difference, 4-19 
distortion, 3-76 
doubler, 6-39, 6-41 
fundamental, 6-22, 6-35 
Modulation. See FM 
Multiplier, 6-38, 6-39, 6-42 
quadrupler, 6-39 
Tesonant, 2-108, 2-121 
Tesponse, 3-79, 5-21 
ripple, 3-34 
Spectrum, 4-2 
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Frequency (continued) 

tripler, 6-39, 6-41 

ultra-high (UHF), 4-2 

very high (VHF), 4-2 

very low (VLF), 4-2 
Fuel cell, 1-47 
Full-wave rectifier, 3-35 
Full-wave voltage doubler, 3-48 
Fundamental antenna, 6-141. 
Fundamental frequency, 6-22, 6-35 
Fuse, 1-38, 1-97 
Fusible resistor, 3-46 


Gain, 3-66, 3-84 

Galena crystal, 4-7, 5-11 
Gas-filled rectifier diode, 6-9 
Gas tube, 3-51 

Gated-beam FM detector, 4-107 
Gauss, 1-105 

Generating a-c, 2-8 

Generation of emf, 1-39 
Generator, 1-39, 1-118 
Germanium, 1-32, 5-2, 5-3 


Getter, 3-2 
Gilbert, William, 1-2 
Grid, 3-12 

bias, 3-63, 6-78 


bunching, 3-128 

characteristic curves, 3-17 

current, 3-13 

drive, 6-34 

limiter, 4-105, 4-106 

neutralization, 6-47 

quadrature, 4-105 

screen, 3-22 

suppressor, 3-24 

tank, 6-34, 6-51 
Grid-leak 

bias, 3-74, 3-115, 4-85 

detector, 3-133 
Grounded base circuit, 5-24 
Grounded collector circuit, 5-24 
Grounded emitter circuit, 5-24 
Grounded-grid amplifier, 3-88 
Grounded-plate amplifier, 3-89 
Ground plane antenna, 6-152 
Ground-reflected waves, 6-137 
Ground waves, 6-136, 6-137 
Guardband, 4-67 


Half-wave dipole antenna, 4-74, 


6-141 

current distribution, 6-144 

directivity, 6-147 

resonance, 6-143 

voltage distribution, 6-144 
Half-wave doublet, 6-141 
Half-wavelength dimension, 6-142 
Half-wave rectifier, 3-34 
Half-wave voltage doubler, 3-43 
Harmonic(s), 6-22, 6-40 

frequencies, 6-35 

generator, 6-41 
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Hartley oscillator, 3-117, 5-44, 
6-15 
series-fed, 6-15 
shunt-fed, 6-15 
transistorized, 6-17 
Heat effect, 1-38 
Heater, 3-4 
circuit, 3-50 
Heat sinks, 5-35 
Heising modulation, 6-76 
Henry, 2-27 
Heptode, 3-27 
Hertz, 2-12 
Heterodyne, 4-17 
Heterodyning, 4-19 
High frequency (HF), 4-2 
oscillator, 3-121 
High-mu, 3-19 
High-Q, 2-112 
Hole, 5-5, 5-6 
Horizontal polarization, 6-133 
Hosepower, 1-70 
Hybrid integrated circuit, 5-71 
Hydrogen, 1-9 
atom, 1-10 
Hydrometer, 1-44 
Hypotenuse, 2-3 
Hysteresis, 2-57 


IC(s), 1-32 
capacitor, 5-76 
components, 5-74 
construction, 5-74 
differential amplifier, 
diffusion, 5-74 
etch, 5-74, 5-76 
hybrid circuit, 5-71 
linear amplifier, 5-72, 

ask, 5-74 
matalla interconnections 5-74 
nolithic circuit, 5- 
multi-purpose linear amplifier, 
5-73 
photo-resist, 5-74 
resistors, 5-76 
silicon dioxide, 
substrate, 5-71 
thick film, 5-71 
thin film, 5-71, 5-76 
ICAS ratings, 6-8 
IF (intermediate fre 
4-19, 4-22 
amplifier, 4-26, 
bandpass, 4-82 | 
IGFET (Insulated Gale Field E! 
fect Transistor), 5-69 

Image frequency, 4-25 

Impedance, 2-36 
in antennas, 6-145 
calculation of, 2-101, 2-104 
characteristic, 6-120, 6-121 
coupling, 3-85, 3-110, 5-38 
feedpoint, 6-146 
graphical determinatio! 


5-72 


5-73 


5-74 


quenty), 4-17, 


4-27, 4-81, 5-49 


n of 2-38 
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Damped oscillation, 3-113, 6-12 
D'Arsonval meter, 1-222, 1-223 
DAVC (delayed and amplified 
AVC), 4-35 
D-c (direct current), 1-56 
D-c motor, 1-117 
D-c plate resistance, 3-9, 3-20 
D-c to d-c converter, 6-111 
Dead-man's stick, 6-109 
Decibel, 3-77 
Decoupling, 3-90, 5-37 
De-emphasis, 4-116 
De Forest, Lee, 3-1 
Degeneration, 5-32, 5-40 
Degenerative feedback, 3-104 
Delayed and amplified AVC 
(DAVC), 4-35 
Delayed AVC, 4-34 
Delta, 3-10 
match, 6-156 
Demodulation, 3-130 
Demodulator(s), 4-28 
See also Detector(s) 
Depletion region, 5-68 
Depolarizer, 1-41 
Detector(s), 4-28 
diode, 3-131 
first, 4-22 
FM slope, 4-87 
gated-beam FM, 4-107 
grid-leak, 3-133 
infinite-impedance, 3-134 - 
linearity, 3-131 
plate, 3-134 
ratio, 4-97 
Second, 4-28 
Deviation ratio, 4-69 
Diameter, 2-2 
Dielectric, 1-31, 2.61 
Constant, 2-72 
Difference frequency, 4-19 
Difference potential, 1-26 
Differential amplifier, 4-53, 5-72 
Diffusion, 5-74 
Diode(s), 1-32, 2-132, 3-5 
avalanche, 5-62 
characteristics, 3-14 
detector, 3-131, 4-28, 5-51 
four layer PNPN, 5-64 
gas-filled rectifier, 6-9 
Junction, 2-132, 5-7 
mercury-vapor rectifier, 6.9 
Point-contact, 5-11 
snap, 6-41 
snap-off, 6-41 
stabilization, 5-36 
Step-recovery, 6-41 
tunnel, 5-63 
varactor, 4-113 
xenon-filled rectifier, 6-9 
zener, 3-53, 5-62 
Dipole, 6-141 
Direct coupling, 3-87, 5-38 
Direct current (d-c), 1-56 
Direct FM, 6-94 
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Direct waves, 6-136, 6-137 
Directivity pattern, 6-147 
Director element, 6-148 
Discharge current, 2-65, 2-67 
Discharging, 1-18—1-20 
Discriminator, 4-87—4-90 
double-tuned, 4-88 
Foster-Seeley, 4-90 
Distortion, 3-65, 3-76, 3-98 
phase, 3-76 
Donor, 5-4 
Doping, 5-4 
Double-ended output stage, 5-55 
Double sideband (DSB) signal, 
4-59, 6-101 
Doublet, 6-141 
Double-tuned discriminator, 4-88 
Driven element, 6-148 
Driver stage, 6-45 
Driving power, 6-5 
Dry cell, 1-41 
DSB (double sideband) signal, 
4-59, 6-101 
Dual conversion, 4-43 
Dufay, Charles, 1-4 
Dummy load, 6-60 
Duo-diode, 3-5 
Dynamic characteristics, 3-11, 
3-57 


Dynamic curves, 3-8 
Dynamic microphone, 3-108, 6-83 
Dynamic speaker, 3-106 
Dynamic transfer characteristics, 
3-61 
Curve, 5-34 


Earphone Jack, 5-53, 5-54 
Eddy currents, 2-57 

Edgewise meter, 1-123 
Edison, Thomas А., 3-1 
Edison effect, 3-1 

Effective resistance, 2-112 
Effective value, 2-16 

Electric Current, 1-28, 1-36 
Electric fields, 1-21, 2-66, 6-133 
Electric lines of force, 6-135 
Electrical energy storage, 1-27 
Electrical equilibrium, 1-11 
Electrical force, 1-11 
Electrical horsepower, 1-70 
Electrical Power, 1-70 
Electrical symbols, 1-74 


Electrical Wavelength, 6-125 
Electricity, 1-7 


discovery of, 1-2 
Static, 1-27 
Electrode(s), 1-40, 3-2 
Electrodynanome: 
1-136 
Electrolyte, 1-40, 1-44, 2-78 
Electromagnet, 1-111, 1-114 
Electromagnetism, 1-99, 1-109, 
6-133, 6-134 


Electromotive force (emf), 1-33 


ler wattmeter, 


Electron-coupled oscillator, 3-122 
Electron(s), 1-2, 1-7 

bound, 1-12 

drift, 1-28, 1-37 

free, 1-13—1-34 

pair-bond, 5-3 

planetary, 1-10, 1-11 

tube. See Tube 

velocity, 1-37 
Electrostatic(s), 1-27 

field, 3-13 
Elements, chemical, 1-8, 1205 

See also individual ops 
Emt (electromotive force), 1~ 
Emission 

cold-cathode, 3-3 

electron, 3-3 

photoelectric, 3-3 

secondary, 3-3, 3-23 

thermionic, 3-3, 3-4 
Emitter, 5-12, 6-4 
Emitter-follower, 5-29 
Etch, 5-74, 5-76 
Even-order harmonics, 6-40 
Exponential curve, 2-94 
External anode, 6-7 


Farad, 2-70 is 
Faraday, Michael, 1-22, 1 
2-70 ‹ 
Family of curves „31 
grid characteristic ш 48 
plate characteristic СИГ 
Feedback, 3-69, 3-103 
tickler, 3-116 
voltage, 3-104 "e 
Feedpoint impedance, X 
Ferri-loopstick piu 
Ferrite(s), 1-38, 2-5 
Ferrite-rod antenna, БЕИ 
FET (Field Effect ane ^ 
depletion region, hex gite 
Insulated Gate "69 f 
Transistor (IGFET), б опдиоо! 
Metal Oxide Semic 51810 
Field Effect 
(MOSFET), 5-69 
n-channel Mps Eu 
n-type JFET, 5 
p-channe! MOSFET, 
p-type JFET, 5-68 
pinch-off, 5-68 
Fidelity, 4-4 
Field coil, 1-117, 306 ee ret 
Field Effect Transistor. 
Filament, 3-3, 3-4 
Filter(s), 3-30 
bandpass, 2-131, 
band-reject, 2-131 
choke, 3-39 
fundamentals, 2-129 
high-pass, 2-130 
low-pass, 2-130 
mechanical, 4-48 


5-69 


5-70 
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Filter(s) (continued) 
pi, 3-40 
R-C, 3-42 
Final amplifier, 6-45 
First detector, 4-22 
Fixed bias, 3-73 
Fleming, J. A., 3-1 
Flexure crystal mode, 6-22 
Flux density, 1-106 
FM (frequency modulation), 4-64 
antenna, 4-74 
buzz control, 4-106 
de-emphasis, 4-116 
deviation ratio, 4-69 
direct, 6-94 
discriminator, 4-87—4-90 
fundamentals of, 4-64 
gated-beam FM detector, 4-107 
grid-leak bias limiting, 4-85 
Quardband, 4-67 
indirect, 6-96 
limiter circuit, 4-70 
limiting, 4-83 
Modulation index, 4-69 
multiplex stereo FM, 4-117, 
4-124 
noise, 4-70 
Plate circuit limiter, 4-84 
Pre-emphasis, 4-71 
ratio detector, 4-97 
receivers, 4-70 
SCA (Subsidiary Communica- 
tions Authorization), 4-118 
Sidebands, 4-67 
Slope detector, 4-87 
Stereophonic, 4-113 
Stereo reception, 4-120 
Subcarrier, 4-117 
transmitter, 4-72 
tuner, 4-114, 5-43 
Folded dipole antenna, 4-75, 
6-150 
Forward-biased Junction, 5-9 
Forward breakover voltage, 5-64 
Foster-Seeley discriminator, 4-90 
Four-layer (PNPN) diode, 5-64 
Franklin, Benjamin, 1-4 
Free electron, 1-13—1-34 
Free-space wave, 6-134 
Frequency, 2-12, 6-134 
allocation, 4-2 
audio, 3-75 
beat, 4-19 
Cutoff, 5-21 
difference, 4-19 
distortion, 3-76 
doubler, 6-39, 6-41 
fundamental, 6-22, 6-35 
modulation. See FM 
multiplier, 6-38, 6-39, 6-42 
quadrupler, 6-39 
Tesonant, 2-108, 2-121 
Tesponse, 3-79, 5-21 
tipple, 3-34 
Spectrum, 4-2 


CUMULATIVE INDEX 


Frequency (continued) 

tripler, 6-39, 6-41 

ultra-high (UHF), 4-2 

very high (VHF), 4-2 

very low (VLF), 4-2 
Fuel cell, 1-47 
Full-wave rectifier, 3-35 
Full-wave voltage doubler, 3-48 
Fundamental antenna, 6-141. 
Fundamental frequency, 6-22, 6-35 
Fuse, 1-38, 1-97 
Fusible resistor, 3-46 


Gain, 3-66, 3-84 

Galena crystal, 4-7, 5-11 
Gas-filled rectifier diode, 6-9 
Gas tube, 3-51 

Gated-beam FM detector, 4-107 
Gauss, 1-105 

Generating a-c, 2-8 

Generation of emf, 1-39 
Generator, 1-39, 1-118 
Germanium, 1-32, 5-2, 5-8 


Getter, 3-2 
Gilbert, William, 1-2 
Grid, 3-12 

bias, 3-63, 6-78 


bunching, 3-128 

characteristic curves, 3-17 

current, 3-13 

drive, 6-34 

limiter, 4-105, 4-106 

neutralization, 6-47 

quadrature, 4-105 

screen, 3-22 

suppressor, 3-24 

tank, 6-34, 6-51 
Grid-leak 

bias, 3-74, 3-115, 4-85 

detector, 3-133 
Grounded base circuit, 5-24 
Grounded collector circuit, 5-24 
Grounded emitter circuit, 5-24 
Grounded-grid amplifier, 3-88 
Grounded-plate amplifier, 3-89 
Ground plane antenna, 6-152 
Ground-reflected waves, 6-137 
Ground waves, 6-136, 6-137 
Guardband, 4-67 


Half-wave dipole antenna, 4-74, 


6-141 

current distribution, 6-144 

directivity, 6-147 

resonance, 6-143 

voltage distribution, 6-144 
Half-wave doublet, 6-141 
Half-wavelength dimension, 6-142 
Half-wave rectifier, 3-34 
Half-wave voltage doubler, 3-43 
Harmonic(s), 6-22, 6-40 

frequencies, 6-35 

generator, 6-41 
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Hartley oscillator, 3-117, 5-44, 
6-15 
series-fed, 6-15 
shunt-fed, 6-15 
transistorized, 6-17 
Heat effect, 1-38 
Heater, 3-4 
circuit, 3-50 
Heat sinks, 5-35 
Heising modulation, 6-76 
Henry, 2-27 
Heptode, 3-27 
Hertz, 2-12 
Heterodyne, 4-17 
Heterodyning, 4-19 
High frequency (HF), 4-2 
oscillator, 3-121 
High-mu, 3-19 
High-Q, 2-112 
Hole, 5-5, 5-6 
Horizontal polarization, 6-133 
Hosepower, 1-70 
Hybrid integrated circuit, 5-71 
Hydrogen, 1-9 
atom, 1-10 
Hydrometer, 144 
Hypotenuse, 2-3 
Hysteresis, 2-57 


1C(s), 1-32 
capacitor, 5-76 
components, 5-74 
construction, 5-74 
differential amplifier, 5-72 
diffusion, 5-74 
etch, 5-74, 219, 4 
hybrid circuit, 5- 
y amplifier, 5-72, 5-73 

sk, 5-74 
ae interconnection, 5-74 
nolithic circuit, 5- 
т linear amplifier, 
5-73 
photo-resist, 5-74 
resistors, 5-76 
silicon dioxide, 5-74 
substrate, 5-71 
thick film, 5-71 
thin film, 5-71, 5-76 
ICAS ratings, 6-8 
IF (intermediate frequ 
4-19, 4-22 
amplifier, 4-26, 
bandpass, 4-82 
IGFET P inaulalsd. Gate Field Ei- 
fect Transistor), 5-69 

Image frequency, 4-25 

Impedance, 2-36 
in antennas, 6-145 
calculation of, 2-101, 2-104 
characteristic, 6-120, 6-121 
coupling, 3-85, 3-110, 5-38 
feedpoint, 6-146 
graphical determin: 12-38 


enty), 4-17 


4-27, 4-81, 5-49 


ation О! 
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Impedance (continued) 
L-C in parallel, 2-115 
L-C in series, 2-100 
L-C-R in series, 2-104 
matching, 2-59, 3-101 
mismatch, 6-127 
R-C parallel circuit, 2-90 
R-C series circuit, 2-88 
reflected, 3-102 
at resonance, 2-109 
R-L parallel circuit, 2-44 
R-L series circuit, 2-37 
series resonant circuit, 2-109 
solving problems, 2-37 
of transmission lines, 6-120, 
6-121 
Indirect FM, 6-96 
Indirectly heated cathode, 3-4 
Indium, 5-2, 5-5 
Induced emf, 1-117 
Induced voltage, 2-8 
Inductance, 2-25 
flux linkages, 2-25 
mutual, 2-29 
Parallel, 2-31 
self, 2-25 
series, 2-31 
Induction, 1-16 
mutual, 2-28 
self-, 2-23 
Inductive Circuit, 2-34, 2-92 
Inductive Coupling, 6-43 
Inductive Neutralization, 6-48 
Inductive Teactance, 2.32, 2.33 
Inductor(s), 2-28 
filter, 3-39 
toroidal, 2-28 
variable, 2-28 
Infinite-impedance detector, 3-134 
Input Circuit, 6-50 
Input Power, 6-46, 6.60 
Insertion loss, 6-104 
Instantaneous value, 2-14 
Insulating material, 1-31 
Insulated Gate Field Effect Tran- 
sistor (IGFET), 5-69 
Insulator(s), 1-31 
Integrated Circuits, 1-32 
See also IC(s) 
Interelectrode capacitan 
3-69, 3-123, 4.12 
Intermediate frequency. See IF 
Internal resistance, 1.57 
Interstage coupling, 5-37, 6-43 
lonizing potential, 6-10 
lonosphere, 6-139 
IR drop, 1-82, 1-84 
I?R loss, 1-87 
Iron, 1-30 
Iron-core transformer, 2-51 
Isolation transformer, 2-52 


ce(s), 


JFET (Junction Field Effect Tran- 
sistor), 5-67 
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Junction 
forward-biased, 5-9 
reverse-biased, 5-8 

Junction barrier, 5-7 

Junction diode, 2-132, 5-7 
rectifier, 5-10 

Junction Field Effect Transistor 

(JFET), 5-67 


Kennely-Heaviside layer, 6-139 
Key clicks, 6-63 
filter, 6-65 
Keyer tube, 6-64 
Keying 
backwave, 6-63 
blocked-grid, 6-65 
cathode, 6-64 
chirp, 6-63 
clicks, 6-63, 6-65 
CW, 6-63 
plate, 6-66 
relay, 6-64 
screen-grid, 6-66 
telegraphy, 6-63, 6-66 
Kilohm, 1-58 
Kilovolt, 1-34 
Kilowatt hour, 1-73 
Kinetic energy, 1-24 
Kirchhoff, Gustav Robert, 1-96 
Kirchhoff's Law(s), 1-96, 2-41 
Klystron tube, 3-128 


Lag, 2-20 
Lambda, 6-124 
Lattice, 1.9, 5.3 

filter, 4-60, 6-104 
Lead, 2-20 
Lead-acid cell, 1-44 
Leakage Current, 2-76, 5.35 
Le Clanche cell, 1-41 
Left-hand tule, 1-113, 1-119 
Lenz, H. F, Emil, 2-24 
Lenz's Law, 2-24 
LF (low frequency), 4-2 
Lighthouse oscillator, 3-124 
Lighthouse tube, 3-124 
Lightning, 1-19 
Limiter 

Circuit, 4-70 

grid, 4-105, 4-106 

Noise, 4-54 
Limiting, 4-83 


Linear amplifier, 5-72, 5-73, 6-106 

Linearity, 3-65 

Lines of force, 

Line-of-sight 
Prepagation, 6-138 
reception, 6-137 

Link Coupling, 6-43 

Litz wire, 2-112, 4-10 
“network, 6-57, 6-62 

Load, 1-54 
line, 3-59, 5-33 
resistance, 3-11, 3-57 


1-22, 1-23, 6-132 


Loading coil, 4-56 

Loadstone, 1-99 

Local oscillator, 4-21, 5-46 = 
Longitudinal crystal mode, 
Long-wire antenna, 6-153 
Loop antennas, 4-36 
Loudspeaker, 3-105 

Lower sideband, 6-72 

Low frequency (LF), 4-2 
Low-mu, 3-19 


Magnesia, 1-99 
Magnet, 1-99 
permanent, 1-100 
temporary, 1-100 
Magnetism 
attraction, 1-104 
conductivity, 1-112 
effect, 1-38 
energy, 1-105 
fields, 105, 2-22, 6-133 
flux, 1-106, 1-108 
lines of force, 1-105—1-105 
6-135- 
materials, 1-101 
poles, 1-102 
repulsion, 1-104 m 
Magnetomotive force, 1- 
Magnetostriction, 4-48 
Magnetron tube, 3-126 
Majority carriers, 5-10 
Marconi antenna, 6-151 
Mask, 5-74 
Matching stub, 6-156 
Mathematic fundamentals, 
Matrix, 4-120 
analysis, 4-123 
operation, 4-122 
Matter, 1-8 
Maximum value, 2-17 
Maxwell, 1-106, 1-115 
Mechanical 
filter, 4-48 
force, 1-11 
horsepower, 1-70 
Medium frequency, 4-2 
Medium mu, 3-19 
Megohm, 1-58 
Mercury cell, 1-43, 5-57 jode; 69 
Mercury-vapor rectifier а j 
Metal interconnection, 5- ae jel 
Metal Oxide Semicondue O cer), 
Effect Transistor 
5-69 
Metals, 1-12 
Metering, 6-59 
Meter(s), 1-75, 1-122 
sensitivity, 1-129 
shunt, 1-126 
taut-band, 1-124 
Mho, 3-21 
Microammeter, 1-127 
Microampere, 1-37 
Micromho, 3-21 


2-2 


Micro-ohm, 1-58 
Microphone 
Carbon, 3-107, 6-82 
Ceramic, 6-82 
Crystal, 3-108, 6-82 
dynamic, 3-108, 6-83 
Moving-coil, 3-108, 6-83 
ribbon, 6-83 
velocity, 6-83 
Microvolt, 1.34 
Microwave oscillators, 3-123 
illiammeter, 1-127 
Milliampere, 1-37 
Milliohm, 1-58 
Millivolt, 1-34 
Mils, 1-61 
Minority carriers, 5-10 
Mixer, 4-22 
Circuit, 4-79 
Pentagrid, 4-23 
Stage, 5-47 
Mixer-oscillator circuit, 5-47 
ing Circuits, 4-23 
odulated Continuous wave 
" (MCW), 3-129 
lodulation, 3-129, 4-63, 6-69, 6-74 
checking, 6-81 
Choke, 6-76 
Control-grid, 6-78 
envelope, 3-130, 6-69 
Grid-bias, 6-78 
Heising, 6-76 
index, 4-69 
levels, 6-75 
Percent, 6-70, 6-71 
phase, 6-94, 6-98: 
plate, 6-76, 6-77, 6-88 
t-f amplifier, 6-74 
Screen grid, 6-80 
Stages, 6-88 
transformer, 6-77 
Molecule, 1-9 
onolithic integrated circuit, 5- 
Monophonic, 4-117 di 
OSFET (Metal Oxide Semicon- 
ductor Field Effect Transis- 
tor), 5-69 
Moving-coil 
microphone, 3-108, 
‚3З- 6-8: 
ҮГӨ 3-105 par: 
means operation, 4-44 
ultiplex stereo FM, 4-117 
Circuit, 4-124 
Multiplier, 1-128 
oi Burmans linear amplifier, 
миш Conductance, 3-19, 3-21 
utual inductance, 2-20, 2-29 


N-channel MOSFET, 5-69 
'egative charge, 1-15 


Negative c 
onducta i 
5:03 nce region, 


Negative electricity, 1-4 
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Negative feedback, 3-103, 5-40, 
5-49 

Negative ion, 1-28 

Negative resistance, 3-23 


Negative temperature coefficient, 


1-64 

Negative terminal, 1-33 
Negative voltage, 3-44 
Neutralization, 6-42, 6-47 
Neutron, 1-10, 5-2 
Nichrome, 1-30 
Nickel-cadmium cell, 1-46, 5-57 
Noise, 4-42 

limiter, 4-54 
Non-inductive winding, 2-26 
Non-linear distortion, 3-76 
Non-linear mixing circuit, 6-69 
Nonmagnetic materials, 1-101 
Notch circuit, 4-51 
N-P-N transistor, 5-12 

operation, 5-16 
N-type JFET, 5-67 
N-type semiconductor, 5-4 

0 


Odd-order harmonics, 6-40 
Oersted, Hans Christian, 1-109 
Ohm, 1-58 

George Simon, 1-58, 1-66 
Ohmmeter, 1-75, 1-79, 1-132 

series, 1-132 

shunt, 1-133 
Ohm's Law, 1-66—1-69 

for a-c, 2-39 
Ohms-per-volt, 1-130 
Open circuit, 1-54 


Open-wire transmission line, 6-119 


Operating point, 3-64, 3-70 
Orbit, 1-12 
Oscillation, 3-113 
Oscillator(s), 3-113, 5-44, 6-11 
Armstrong, 3-116 
basic circuit, 6-13 
beat frequency, 4-47 
bias, 3-115 
Butler overtone, 6-27 
characteristics, 6-14 
Clapp, 6-16, 6-17 
Colpitts, 3-120, 5-45, 6-16 
coupling, 6-29 
crystal. See Crystal(s) 
electron-coupled, 3-122 
harmonics, 6-22 
Hartley, 3-117, 5-44, 6-15, 6-17 
high-frequency, 3-121 
Klystron, 3-128 
lighthouse, 3-124 
loading, 6-29 
local, 5-46 
losses, 6-12 
magnetron, 3-126 
microwave, 3-123 
phase-shift, 5-45 
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Oscillator(s) (continued) 
Pierce, 6-26 
planar, 3-124 
regenerative-feedback, 6-13 
series-fed, 3-119 
shock excitation, 6-14 
shunt-fed, 3-119 
tickler-feedback, 3-116 
transistor, 6-17 
tuned-plate tuned-grid (TPTG) 
6-18 
UJT, 5-66 
ultra-high frequency, 3-123 
ultraudion, 3-121 
variable-frequency, 6-28 
Output circuits, 6-55 
Output coupling, 6-56, 6-57 
Output power, 6-60 
Output-signal power, 6-6 
Output transformer, 3-101, 3- 
Output voltage, 1-49 
Overload diode, 5-50 
Overload relay circuit, 6-113 
Overtones. See Harmonics 
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Padder capacitor, 4-21 
Parallel capacitance, 2-80 
Parallel circuit(s), 1-88 
branch circuit impedance, 2-115 
branch current, 2-114, 2-118, 
2-127 
circulating current, 2-123 
L-C, 2-114 
L-C-R, 2-117 
line circuit impedance, 
2-119 
line current, 
2-128 
R-C, 2-89 
resonant impedance, 2-122 
resonant L-C, 2-121 
resonant line current, 
R-L, 2-42, 2-43 
summary of, 2-45 
Parallel-connected, 
Parallel inductance, 
Parallelogram, 2-6 
Paraphase amplifiers 3-93 
Parasitic array, 6-148) 6-149 
Parasitic oscillation, 6-89 
P-channel MOSFET, 5-70 
Peak 
current, 5-63 
inverse voltage, 3-34, 
plate current, 3-94 
value, 2-14 
voltage, 5-63 
Peak-to-peak, 2-14 
Pentagrid, 3-27 
converter, 4-24 
mixer, 4-23 
Pentavalence, 5-4 
Pentode, 3-24 
triode-connected, 


2-116, 


2-116, 2-118, 2-119, 


2-122 


1-52 
2-31 


3-45, 9-38 


3-97 
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Percent modulation, 6-70, 6-71 
Permanent magnet, 1-100 
Permeability, 1-112 
tuning, 4-10 
Phase, 2-19 
distortion, 3-76 
inverter, 3-91 
modulation, 6-94, 6-98 
relationships, 3-67 
shift, 2-48, 2-69, 2-86, 2-117 
Phasing method of sideband re- 
moval, 6-105 
Photoelectric emission, 3-3 
Photo-resist, 5-74 
Pierce oscillator, 6-26 
Pie winding, 6-44 
Piezoelectric, 1-39 
effect, 3-108, 6-19, 6-82 
Pi filter, 3-40 
Pi network, 6-53, 6-57 
tuning, 6-62 
Pinch-off, 5-68 
Planar tube, 3-124 
Planetary electrons, 1-10, 1-11 
Plate, 3-5, 6-6 
characteristic curves, 3-18 
Circuit limiter, 4-84 
current, 3-7, 3-34, 3.62, 3-64, 
3-70 
detector, 3-134 
efficiency, 3-70 
keying, 6-66 
Modulation, 6-76, 6-77, 6-88 
neutralization, 6-47 
Power input, 6-6 
Tesistance, 3-9, 3-10, 
lank, 6-34, 6-55 
voltage, 3-7, 3.8 
Voltage-plate curren| 
P-N-P transistor, 5-12 
operation, 5-14 
Point-contact diode, 5-11 
Polarity, 1-33 
Polarization, 1-42 
Positive charge, 1-15 
Positive electricity, 1-4 
Positive feedback, 3-103 
Positive ion, 1-13, 1-28, 6-10 
Positive terminal, 1-33 
Potential energy, 1-24 
Potentiometer, 1-62 
Powdered iron, 2-51 
Power, 1-70 
in a-c circuit, 2-92 
amplifier. See Power amplifier 
apparent, 2-93 
detector, 5-52 
distribution in AM wave, 6-73 
factor, 2-93 
gain, 5-20, 5-34 
input, 6-46, 6-60 
loss, 1-87 
output, 3-99, 6-60 
rating, resistors, 1-72 
sources, 5-57 


3-19, 3-20 


t curves, 3-8 
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Power (continued) 
supplies. See Power supplies 
transformers, 2-47, 3-31 
voltage. See Voltage 
Power amplifier, 3-56, 3-75, 3-94, 
6-45, 6-46 
bias voltages, 6-58 
grid tank circuit, 6-51 
input circuit, 6-50 
output, 3-99 
output circuit, 6-55 
push-pull, 6-54 
Single-ended, 6-53 
Power supplies 
8-C—d-c, 3-45 
bleeders, 3-4 
filters, 3-37—3-42 
heater circuits, 3-50 
rectification, 3-32 
rectifiers, See Rectifiers 
Preamplifier, 5-39 
Pre-emphasis, 4-71 
Preselector stage, 4-18 
Primary, 2-29 
Primary cell, 1-40—1-43 
Propagation 
angle of radiation, 6-140 
direct waves, 6-136, 6-137 
electric fields in free Space, 
6-133 
electric lines of force, 6-135 
electric wavelength, 6-125 
electromagnetic, 6-133, 6-134 
free-space wave, 6-134 
frequency, 6-134 
ground-reflected waves, 6-137 
ground waves, 6-136, 6-137 
horizontal polarization, 6-133 
ionosphere, 6-139 
Kennely-Heaviside layer, 6-139 
lines of force, 6-132 
line-of-sight, 6-137, 6-138 
Magnetic fields in free 
-133 
magnetic lines of force, 6-135 
radiation, 6-132, 6-133 
radio wave, 6-133 
refraction, 6-139 
skip distance, 6-140 
sky Waves, 6-136, 6-139 
temperature inversion, 6-138 
Velocity, 6-134 
velocity of Propagation, 6-125 
vertical Polarization, 6-133 
vertical radiation, 6-136 
Wavefront, 6-135 
Wavelength, 6-125, 6-134 


Wave propagation, 6-136 
Protons, 1-7, 5-2 


P-type JFET, 5-67 

P-type Semiconductor, 5-5 

Pushbutton tuning, 4-37 

Push-pull amplifier, 3-71, 3-91, 
3-95, 6-52, 6-54 


complementary symmetry, 5-56 


space, 


Push-pull amplifier (continued) 
frequency multiplier, 6-42 
input circuit, 6-52 
output stage, 5-55 


Q, 2-112, 2-125, 4-9, 6-12 
iplier, 4-50 
Bn circuit, 2-112 
Quadrature grid, 4-105 
Quartz crystal, 6-19 à 
Quiescent plate current, 3-62, 
3-64, 3-70 


Radar, 1-1 
Radiation, 6-132 
polarization, 6-133 
resistance, 6-146 
Radio communication, 6-1 
Radio frequency. See R-f 
Radio receivers, See Reco 
Radio signals, 6-2 
Radiotelegraphy, 6-3 
Radio wave, 6-113 
Radius, 2-2 
Rate of change, 2-18 
Rate-of-flow, 1-36 
Ratio detector, 4-97 ДЕЕ 
R-C (resistance-capacitan 
Circuit, 2-86 
coupling, 3-81, 5-37, 6-49 
filter, 3-42 
Reactance 
capacitative, 2-82, 2-85 
inductive, 2-32, 2-33 
tube, 4-110, 4-111, 6-94 
variable, amet 
r(s), 4- 
ad superheterody 
lignment, 4-40 58 
АМ-ЕМ вирегһе!егодупе, Б 
Citizens Band, 4-56 
communications, 4-42 
crystal, 4-7 
dual conversion, 4-43 
fidelity, 4-4 
FM, 4-70 
FM tuner, 4-114 
multiplex stereo 
4-124 
selectivity, 4-3 
sensitivity, 4-4 7 
superheterodyne, 4- "7 
TRF (tuned-radio-fred 
4-8, 4-15 
Reception, line-of-sig! 
Rectification, 3-32 
Rectifier, 2-132, 3-30, 
bridge, 3-36 
full-wave, 3-35 
gas-filled, an 
alf-wave, 3-; 
крестке, diode, 
metallic, 3-33 


ivers 


ө) 


пе, 439 


ЕМ circulh 


м, 6-197 


3.92, 510 
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Rectifier (continued) 
selenium, 3-33 
Semiconductors, 1-32, 3-33 
silicon-controlled, 1-32 
tube, 6-9 
Reflected impedance, 3-102 
Reflector element, 6-148 
Reflex Klystron, 3-128 
Refraction, 6-139 
Regenerative feedback, 3-103, 
6-13 
Regulation, 3-37, 3-40, 3-41, 3-57 
Reluctance, 1-115 
Remote cutoff, 3-26 
Repulsion force, 1-11 
Residual magnetism, 1-121 
Resistance, 1-56 
in antennas, 6-145 
d-c, 1-56 
gain, 5-18 
internal, 1-57 
Ohm's Law for, 1-69 
Plate, 3-19, 3-20 
Specific, 1-59 
symbol, 1-58 
Resistance-capacitance. See R-C 
Resistive a-c circuit, 2-92 
Resistive effects on series res- 
onant circuit, 2-111 
Resistor(s), 1-56, 1-62, 5-76 
bleeder, 3-42 
Color code, 1-63 
fusible, 3-46 
ratings, 1-63, 1-72 
Wire-wound, 1-62 
Resonance, 2-108, 4-9 
Calculation of, 2-121 
Curve, 2-110, 2-125 
Resonant circuit Q, 2-112 
gesónant frequency, 2-108, 2.121 
Am transmission line, 6-128, 
Reverse-biased Junction, 5-8 
et (radio-frequency) | 
amplification, 3-109 
amplifier, 4. - 
с 18, 4-77, 5-43, 6-74 
Coils, 4-10 
excitation, 6-5 
Spectrum, 4-2 
Rheostat, 1-62 
Rhombic antenna, 6-155 
Ribbon lead, 6-119 
Ribbon microphone, 6-83 
Ripple frequency, 3-34 
Rachella salt crystal, 6-19 
ues. Square (RMS) value, 
Running-time meter, 6-59 


Sal ammoniac, 1-41 

Saturation, 3-8, 3-16 

SCA (Subsidiary Communications 
Authorization), 4-118 
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Scalar quantity, 2-4 
Schematic representation, 1-74 
Screen grid, 3-22 
keying, 6-66 
modulation, 6-80 
Secondary, 2-29 
cell(s), 1-44—1-46 
emission, 3-3, 3-23 
Second detector, 4-28 
Selectivity, 3-109, 4-3 
Selenium rectifier, 3-33 
Self-bias, 3-73, 3-74 
Self-induction, 2-23 
Semiconductor(s), 1-32, 5-1, 5-4 
crystals, 5-3 
rectifier, 3-33 
Sensitivity, 4-4 
‘Separation control, 4-123 
Series aiding, 2-31 
Series capacitance, 2-81 
Series circuit(s) 
L-C, 2-99, 2-102, 2-103 
L-C-R, 2-104, 2-107, 2-108, 2-111 
R-C, 2-86 
R-L, 2-40, 2-41 
string heater, 3-50 
summary of, 2-45 
voltage and current in, 2-35 
Series-connected, 1-51, 1-76 
Series-fed oscillator, 3-119 
Series inductance, 2-31 
Series noise limiter, 4-54 
Series opposing, 2-31 
Series-parallel connected, 1-53, 
1-94 
Series string heater circuit, 3-50 
Sharp cutoff, 3-26 
Shear mode, 6-22 
SHF (super high frequency), 4-2 
Shock excitation, 6-14 
Shorting stick, 6-109 
Shortwave bands, 3-109 
Shunt 
circuit, 1-88 
ohmmeter, 1-133 
Shunt-fed oscillator, 3-119 
Sideband power, 6-73 
Sideband removal, 4-60 
Sidebands, 6-72 
Sideband suppression, 6-102 
Silicon, 1-32, 5-2, 5-3 
Silicon-controlled rectifier (SCR), 
1-32, 5-64 
Silicon dioxide, 5-74 
Sine wave, 2-13 
rate of change, 2-18 
Single-ended output stage, 5-54 
Single-ended power amplifier, 
6-53 
Single sideband. See SSB 
Sinusoidal wave, 2-13 
Skin effect, 2-112 
Skip distance, 6-140 
Sky waves, 6-136 
propagation, 6-139 


6-173 


Slip ring, 2-10 
Slope detector, 4-87 
S meters, 4-52 
Snap diode, 6-41 
Snap-o!f diode, 6-41 


Solar cell, 1-48 
Solenoid, 1-111 
winding, 6-44 


Space charge, 3-6 
Specific gravity, 1-44 
Specific resistance, 1-59 
Speech amplifiers, 6-84 
Speech clipping and filtering, 
6-90 
Speed of electricity, 1-37 
Speed of light, 1-37 
Split stator capacitor, 6-53 
Square mils, 1-61 
Square wave, 2-14 
Squelch circuit, 4-55 
SSB (single sideband) 
balanced bridge modulator, 
6-101 
balanced modulator, 6- 
bandpass filter, 6-102 
basics, 6-99 
carrier suppression, 
crystal filter, 6-103 
crystal lattice filter, 
insertion loss, 6-104 
lattice-type filter, 6-104 
phasing method of removal, 
6-105 
reception, 4-61 
signal, 4-58 à 
suppressed carrier, 
suppression, pns 
smitters, 6-1 
rm also DSB (double side- 
band) Ары 
agger tuning, 
ЕЧ wave ratio (SWR), 6-127, 
6-156 
Standing waves, 
Static 
characteristics, 3-11 
curves, 3-8, 3-16 
electricity, 1-27 
Step-recovery diode, 
Stereophonic, 4-113 
Storage cell, 1-44 
ubcarrier, 4-117 k 
БШ Communications Au: 
thorization (SCA), 4-118 


Substrate, 5-69, 5-71 


97, 6-100 


6-100 


6-104 


6-100 


6-127 


6-41 


Superheterodyne 
alignment, 4-40 в 
i 4-17, 4-39, 5-5 
receiver, OE 


Super-high frequency 
Suppressed carrier, 6-1 
Suppressor grid, 3-24 
Surface barrier, 3-9 
Surge impedance, 6-121 
Swinging choke, 3-41 
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SWR (standing wave ratio), 6-127, 


6-156 
Symbols, 1-74 


Tangent, 2-3 
Tank circuit, 2-124 
Tantalum, 2-79 
Taut-band meter, 1-124 
Telegraph key, 6-63 
“bug,” 6-66 
semi-automatic, 6-66 
Telegraphy, 6-63 
Temperature coefficient, 2-76 
Crystal, 6-21 
Temperature inversion, 6-138 
Temporary magnet, 1-100 
Tetrode, 3-22 
Thaies of Miletus, 1-2 
Thermal runaway, 5-35 
Thermal stabilization, 5-36 
Thermionic emission, 3-3, 3-4 
Thermistor, 1-64, 5-36, 5-55 
Stabilization of, 5-36 
Thermocouple-t 
Theta (5), 2-2 
Thick film inte 
Thin film, 5-76 
integrated Circuits, 5-71 
Thompson, Sir J, 4,4343 
Tickler feedback, 3-116 
Time constant 
R-C, 2-96 
R-L, 2-94 
Tin, 1-30 
Tolerance, 1.63 
Tone controls, 4.29 
Toroidal inductor, 2.28 
Torque, 1-117 
Tourmaline Crystal, 6-19 
TPTG (tuned-plate 
oscillator, 6-18 
Tracking, 4-21 
Transceiver, 6-116 
Transconductance, 3-21 
Transducer, 3-105, 4-48 
Transformer, 2-46 
action, 2-48 
air-core, 2.54 
application of, 2-47 
audio, 2-47 
autotransformer, 2-58 
coupling, 3-86, 3-1 
eddy current, 2.57 
iron-core, 2-51 
loaded secondary, 2.59 
losses, 2-57 
modulation, 6-77 
multiwinding, 2-55 
phase shift, 2-48 
power, 3-31 
power in, 2-54 
step-down, 2-52 


luned-grid) 


уре ammeter, 6-60 


Grated circuits, 5-71 


10, 5-37, 6-43 
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Transtormer (continued) 
Step-up, 2-52 
tapped winding, 2-56 
turns ratio, 2-52 
unloaded secondary, 2-48 
Transistor(s), 1-32, 5-1 
basing, 5-13 
biasing, 5-14, 5-31 
bipolar, 5-70 
construction, 5-13 
IGFET, 5-69 
MOSFET, 5-69 
n-channel MOSFET, 5-69 
N-P-N, 5-12, 5-16 
oscillators, 6-17 


P-channel MOSFET, 5-70 
P-N-P, 5-12, 5-14 


r-f amplifier neutralization, 6-49 


unijunction (UJT), 5-65 
unipolar, 5-70 
Transit time, 3-123, 5-21, 6-41 
Transmisison line(s), 4-76, 6-118 

characteristic im, 
6-121 

Coaxial cable, 6.119 

Coupling, 6-56 

Current loop, 6.126 

Current node, 6-126 

fields, 6-123 

impedance, 6-120 

impedance mismatch, 6-127 

line mismatch, 6-127 

open-circuited, 6-128 

open-end, 6-128 

open-wire line, 6-119 

resonant transmission line, 
6-128, 6-129 

ribbon lead, 6-119 

Section applications, 6-131 

Section properties, 6-130 

short-circuited, 6-129 

Standing waves, 6-127 

Standing wave ratio (SWR), 
6-127, 6-156 

Surge impedance, 6.121 

terminated, 6-122 

termination, 6-122, 6-126 

twin lead, 6.119 

types, 6-119 


Velocity of Propagation, 6-125 
Velocity Propagation Constant, 
6-125 


Transmitter(s), 3-129 
AM, 6-69, 6-74 
AM-CW, 6-92 
Controls, 6-112 


Control System, 6-115 
cw, 6-45, 6-67 


CW-AM, 6-92 
fundamental, 6-3 
Metering, 6-59 


Powér Supply, 6-108 
SSB, 6-107 


pedance, 6-120, 


-4 
Transmitting tubes, 6: 
ratings, 6-8 
-29 
eble control, 4: 
ТАР (tuned radio-frequency) 
amplifier, 6-45 ad 
power amplifier, 6 
receiver, 4-8, 4-15 Д 
langle eS plo of 
E ae functions, 18! 
2-135 ai 
Trimmer capacitor, 4 
Triode, 3-12 
basic circuit, 3-14 
Trivalence, 5-5 
True power, 2-93 
Tube(s) 
amplification factor, 
anode, 6-6 
basing, 3-28 3s 
beam-power, 3- m 
cathode emitter, 
ceramic, 6-7 
constants, 3-19 я 
construction, 3-4 
control, 3-54 
control grid, 6-5 e 3-23 
curves, 3-8, eit 
development of, 3- 
diode, 3-5 ы 
driving power, er 
dynamic charac! ^ 
57 cte 
arame transfer chara 
tics, 3-61 
emission, 3-3 
emitter, 6-4 К 
external anode, 6. a 
gas-filled rectifier, 
keyer, 6-64 
klystron, UM 
lighthouse, 3-1 55 Ф 
magnetron, 9-128 tier dio 
mercury-vapo 


3-19 


jn 
isties, 9 


6-9 
multigrid, pu 
multi-unit, 3-2 6-6 


output-signal power. 
pentode, 3-24 
planar, 3-124 
late, 6-6 
jate current, L4 5 Qe 
plate power inpu! d ў 3.10, 
plate resistance, 
3-20 8 
plate voltage, 3-7, ® 
ratings, 6-8 
rectifier, 6-9 
reflex klystron, 3- 
r-f excitation, pn 
space charge, 9- ^ 
static characteris' ad 
transconductance, 
tetrode, 3-22 


128 


cs, 3% 


Tube(s) (continued) 
transmitting, 6-4 
triode, 3-12 


type designation, 3-28 
Varlable-my, 3-26 
Vacuum, 3-2 
Xenon-fil| 
led rectifi i 
toes Feud ee diode, 6-9 


uned., 
d-plato luned-grid (TPTG) 


o 
Tunes ator, 6-18 


ОНЕ ( 
Ultra-hi 
" таю, te з 
‘ Nijunction transistor), 5-65 


“Controlled 
relay circuit, 5- 
ui rap cillator, 5-66 t, 5-66 


"high {ге 

quency (UHF), 4- 
‚ 9-123 ), 4-2 
^ oscillator, 3-121 


ction tra 
ni nsisti 
Uni t®ralization, ean (UJT), 5-65 
Uni Olar transistor 
Versal ti ‚5-70 


me constant chart, 


ч 
Pper Sidebang, 672 


Ci 
Arlabjg qe Ss 2-77, 4-11 


equency 
Var O), 6.28 oscillator 


le-mu, 8-26 
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Vector(s) (continued) 
direction, 2-4 
magnitude, 2-4 
multiple, 2-5 
in parallel R-L circuit, 2-43 
reference, 2-6 
in series L-C-R circuit, 2-107 
in series R-C circuit, 2-86 
in series R-L circuit, 2-41 
Velocity, 6-134 
Velocity microphone, 6-83 
Velocity of propagation, 6-125 
Velocity propagation constant, 
6-125 
Vertex, 2-2 
Vertical antenna, 6-151 
Vertical polarization, 6-133 
Vertical radiation, 6-136 
Very high frequency (VHF), 4-2 
Very low frequency (VLF), 4-2 
VFO (variable-frequency oscilla- 
tor), 6-28 
VHF (very high frequency), 4-2 
Virtual cathode, 3-25 
VLF (very low frequency), 4-2 
Voice coil, 3-101, 3-105 
Volt, 1-34 
Voltage 
alternating, 2-1 
amplification, 3-66 
amplifier, 3-56, 3-75 
A-type, 3-12 
bias, 6-58 
breakdown, 5-62 
B-type, 3-12 
C-type, 3-12, 3-20 
distribution. See Voltage dis- 
tribution 
divider, 1-82, 1-86, 3-43 
doubler, 3-47, 3-48 
drop, 1-82, 1-84 
effective value, 2-17 
feedback, 3-104 
gain, 3-66, 3-84, 5-19, 5-34 
generation of, 2-8 
negative, 3-44 
Ohm's Law for finding, 1-68 
output, 1-34 
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Voltage (continued) 
quadrupler, 3-49 
regulators, 3-51—3-54, 3-58, 

5.62 

Voltage distribution 
in parallel R-L circuit, 2-42 
in series L-C-R circuit, 2-107 
in series R-C circuit, 2-86 
in series R-L circuit, 2-41 

Voltage-plate current curves, 

Voltmeter, 1-49, 1-75, 1-128 

Volume control, 4-13, 4-30 


3-8 


Watt, 1-70 к 
James, 1-70 
Watt hour, 1-73 
Wattmeter, 1-36, 1-75 
Waveform, 2-12 
Wavefront, 6-135 
Wavelength, 6-124, 6-125, 6-134, 
6-142 
Wave propagation, 6-126 
Wave trap, 4-6 
Weber, 1-106 
Wheatstone bridge, 1-137 
Winding 
non-inductive, 2-26 
pie, 6-44 
Wire gauge, 
Wire-wound resistor, 


4-61, 1-139 
1-62 


X-cut crystal, 6-20 3 
Xenon-filled rectifier diodo, 6-9 


Yagi antenna, 6-148 
y-cut crystal, 6-20 


own voltage» 
5-62 
5-62 


Zener breakd: 
Zener diode, 3-53, 
voltage regulator, 
Zener voltage, 5° 
4-4 
Zero beat, sak 5-57 


Original American, Price U.S. $ 6-95 


HOW THIS COURSE WAS DEVELOPED: 


During his many years of teaching experience, Marvin 
Tepper has found the great communicative value of the visual 
appreach to teaching radio. As an instructor, he has had first- 
hand knowledge of the benefits and drawbacks of a wide 
variety of teaching methods. This new edition of Basic Radio 
represents the final development of the;author's notes and 
illustrations. Diagrams are used profusely, and all examples 
given are based on actual or typical circuitry to make the 
course as practical and realistic as possible. 

Each volume progresses logically, with each topic con- 
taining a carefully selected thought or group of thoughts that 
can be studied as a separate subject. Mathematics is kept 
to a minimum and, where necessary, mathematical models 
are fully explained, Most importantly, the texts provide a solid 
foundation upon which the reader can build his further, more 
advanced knowledge% 

Assuming no prior knowledge of electricity or elec- 
tronics, this series "begins at the beginning" and carries the 
reader in logical steps to a clear, workable understanding of 
radio receivers and transmitters. The series covers the full 
range of the fundamentals of communications in the most 
effective manner possible — providing maximum comprehen- 
sion with a minimum of effort. 
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